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HIS ROYAL HIGHNESs- 


GEORGE 


PRINCE of WALES. 


SIR, | | 
HE generous encouragement con- 
ſtantly given by your Royal Pro- 
genitors to thoſe who have endeavoured 
to make any Improvements in the uſeful 
arts and ſciences, makes me flatter m 
that Your Royal Highneſs, who give ſuch 
early hopes of inheriting all their virtues, 
will be graciouſly vleaſed to honour the 
following treatiſe with Your Patronage. 
My aim in publiſhing it, is tofhew how _ 
fortreſſes may be built in thc | beſt and 
cheapeſt manner. I may venture to ſay, 
that a work of this kind has been hitherto 
wanting in the Exgliſʒ language: and 1 
may add, that the ſubject is moſt certain- 
ly of importance; experience having too 
often. ſhewn the fatal effects which the 
neglect- of the art of Fortification may pro- 
& &- duce, - 
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duce, as well as the advantages ariſing to 
our prudent neighbours — the great 
encouragements they give to this branch 
of Knowledge. 

Your Royal ie ever attentive 
do the publie ſecurity and welfare, moſt 

graciouſly inſtituted the Royal Academy of 

Artillery for the inſtruction of young gen- 
tlemen in the Art of War. As it is my 
duty, ſoit has ever been my care, to facili- 
tate their ſtudies: and if my labours ſhould 
be thought to deſerve Your Royal High- 
neſs's attention and ade ad it . 
be an inexpreſſible ſatisfaction to me, who 
think myſelf happy in every opportunity of 

ſhewing the profound reſpect with which 
I am, | 


SIR, 
Your Royal, Hicuness's 
moſt humble, 
moſt dutiful, 
and moſt obedient ſervant, 


 Jonun MurIEI. 
of 1 


HEN a fortreſs is to be built, to chooſe 

W ſuch a ſituation as will anſwer the intent 
in the beſt manner, to adapt the works 

properly, and to uſe no more than are neceſſary, to 
make from their plans and profils an eſtimate of 
the quantity of maſonry requiſite, and of the earth 
to be removed, to trace the plan on the ground, 
to lay the foundation in any kind of ſoil, to com- 
pleat the walls, ramparts, and all the military build- 
ings, ſuch as draw- bridges, town gates, powder- 
magazines, barracks, ſtore-houſes, cazemats, and 
ſally- ports; theſe are the ſubjects of Practical Forti- 
fication, and what we propoſe to treat of in the fol- 
lowing work, together with the manner of build- 
ing ſtone- bridges over large rivers, piers for inclo- 
ſing harbours, wharfs, quays, fluices, and aqueducts. 
As no Treatiſe of this kind has appeared yet in 
Engliſh, I thought it would not altogether be uſe- 
leſs to the public, if I ſhould give, in a plain and 
eaſy manner, the conſtruction and executive part 
of the works belonging to a fortreſs, and add what- 


ever might contribute to the improvement of this 
a 3 uſeful 


vi RAe 
uſeful art, ſuch as the theories contained in this 
work, which it has been my endeavour to render 
as general, and as fimple as the nature of the ſub- 
ject will admit of, that they might extend to all the 
different caſes which may occur, and at the ſame 
time be with caſe adapted to common practice. 
It being of importance to know the proper thick- 
W neſſes of the walls which ſupport earth, ſo that 
they may be ſtrong and durable, yet not more ſo 


[4 than is neceffary; therefore this work begins with 
| a general theory of them; which being deduced 
1 from the leaſt exceptionable principles, is applica- 
ble in all kinds of ſoils and caſes: for the common 
ſuppoſition made by ſome gentlemen of the Aca- 
demy of Sciences at Paris, and by Mr. Belidor, 
that the natural ſlope of earth not ſupported by a 
wall forms an angle with the horizon of 45 de- 
grees, is true in one particular kind of ſoil only. 
This is plain to reaſon, from the different tenacities 
of different ſoils, and may be verified by an eaſy 
experiment; which will ſerve likewiſe as a practical 
method for finding the angle formed by the natural 
ſlope of any kind of earth. | - 
Make a bank of newly removed earth about ten 
or twelve feet high, and cut it vertically on one 
| fide; this bank being left ſtanding during eight or 
ten months in the dampeſt ſeaſon, will form the 
angle required. It is true, the particles of earth 
being heterogeneous, they will not form an even 
1 ſurface, therefore that angle will vary in different 
ſl places; but as in practice no geometrical exactneſs 
| can be obtained, nor is required ; if that angle 
comes within five degrees of the real one, it is ſuf- 
ficient ; for that quantity, more or leſs, makes little 
difference in the thickneſs of walls, as may be ſeen 
| in 
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in the table of general rules. Since then ſand canſes 
a greater preſſure, and clay a leſs one, than common 
earth; to make the walls in each caſe of an _ 
ſtrength would endanger thoſe which ſupport 
of falling down, and there would be more work 

than need be in thoſe which ſupport clay: beſides, 
as ſtone is ſpecifically heavier brick, it is evi- 
dent, that ſtone walls do not require ſo great a 
thickneſs as thoſe made of brick, yet the gentlemen 
mentioned before, have made no diſtinction be- 
tween the one and the other in their theories, 
As ſome of my readers may not underſtand alge- 
bra, which I have been obliged to uſe, in order to 
make the theory general; therefore to render this 
work uſeful to every reader, I have therefore added a 
table, containing general rules for finding the di- 
menſions of ſtone and brick walls of any height, 
according to the different angles made by the natu- 
ral ſlope of earth with a vertical ſection, from 80 
to 30 degrees for every 5 degrees interval, and ac- 
cording to the different ſlopes given to walls on the 
outſide. The natural flope of common earth ma- 
king nearly an angle of 45 degrees, and being the 
caſe that moſt frequently happens in practice; I 
have computed four tables of dimenſions upon this 
ſuppoſition, two for ſtone walls, and two for brick 
ones, from ten to fifty feet high, with or without 
parapets: theſe tables contain the thickneſſes above 
and below in regard to the different flopes given to 
the walls on the outſide, together with the dimen- 
fions of the counterforts ; in order to fave a builder 
the trouble of computing them himſelf, although it 
be very ſhort and eaſy, 

Since fortrefſes are moſtly built at prefent with 
demi-reyetements, that is, they are partly —_— 
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and partly turfed on the outſide ; I imagined that 
tables containing the dimenſions of this kind of 
walls would alſo be very uſeful, and ſo much the 
more acceptable to the reader, as no author has 
given any before; this was not owing to any belief 
that they were not uſeful, but rather to the diffi- 
culties in conſtructing them: for as the height of 
the walls and that of the earth above them, form 
an infinite number of caſes, to comprehend them 
all in a table would have been impoſſible: therefore 
the only thing that could have been expected was 
to give tables of their ratio's, as we have done. 

That I might omit nothing uſeful in practice, 
I have given problems of all the different profils of 
walls which have hitherto been uſed upon various 
occaſions ; and have compared the quantity of ma- 
ſonry that each of them requires, in order to know 
which is preferable to the reſt; whereas the French 
authors, who are the only ones that have written 
upon this ſubject, have implicitly followed the 
profile of Mr. Vauban, as being univerſally uſed by 
all the engineers in France, without conſidering 
whether it might not be changed for another better 
adapted to the nature of the ſubject; whereby they 
have been reduced to the neceſſity of making their 
computations ſo very operoſe as they have done; on 
the contrary, I conſidered that as the ſections in the 
ſame kind of earth are always ſimilar, by making 
the profiles likewiſe fimilar, the operations would 
become very eaſy; ſince the thickneſſes of thoſe 
walls which have the ſame {lope would then be to 
their heights in a conſtant ratio, 

I proceed next to the theory of arches, which is 
eſteemed one of the moſt difficult problems in me- 


chanics; 


PR EF A C. E. ix 
chanics ; for tho ſeveral: eminent mathematicians 
have attempted to ſolve it, yet in my opinion, not 
one has entirely ſucceeded ; for whoever teads their 
performances of this kind, will find whenever their 
general equations are applied to any particular ex- 
ample, that nothing but abſurdities follow from 
ſome, and ſuch dimenſons from others, as by no 
means anſwer the purpoſe.” Some of them have 
ſuppoſed that all the arch-ſtones were quite ſmooth 
and poliſhed, laid without any cement or mortar; 
and others, that the part of the arch between the 
key-ſtone and the hanches was as it were one con- 
tinued ſtone, and the other part between the hanches 
and the ſpring of the arch, joined to the pier as if 
all together formed likewiſe one ſtone : but as both 
theſe ſuppoſitions are erroneous, and contrary to 
what happens in arches, it is evident, that the con- 
cluſions drawn therefrom cannot be juſt, 

I have conſidered the preſſure of every arch-ſtone 
ſeparately, both in regard to its weight and the ob- 
liquity of its direction, and have ſuppoſed them to 
be laid in ſuch mortar, as is neither hard enough to 
make the arch like one continued ſtone; nor yet ſo 
ſoft as that they may ſlide with eaſe upon each 
other: from thence, and ſome known principles of 
mechanics, it is eaſily proved, that the ſum of the 
preſſures of all the arch-ſtones contained in half the 
arch is equal to the preſſure which the whole. 
weight would make, were it placed in the center 
of gravity of half the arch; whereby the ſolution 
of the problem has been reduced to that of finding 
the centers of gravity in the ſeveral figures of which 
arches are compoſed, which centers are found in: 
the moſt ſimple and eaſy manner that the nature 


of 


'T 
1 
# | 
8 
Y 


* PRI ACHE 
of the ſubject will admit of; and the ſolution of 
the problem, whereby the thickneſſes of the piers 
are found, is contained in a very ſimple quadratie 
uation. 
It has hitherto been imagined, though without 
any foundation, that an elliptic arch is weaker, and 


preſſes the piers with a greater force than a circular 


one: the reaſon which authors pretend to give for 
this ſuppoſition is, that all the joints of a circular 


arch when produced meet in the ſame point ; from 


thence they erroneouſly conclude, that it is the 
ſtrongeſt ; without conſidering that all low arches 
require leſs maſonry than thoſe which are higher, 
and that the increaſe of force againſt the piers ariſing 
from the obliquity of their directions, is diminiſhed 
more in proportion by the leſſer quantity of weight 
which they ſupport. 

In the problems given of the ſeveral kinds of 
arches, it has been found, that the thickneſs of the 
piers are nearly the ſame in all arches of the ſame 
width; though thoſe of circular ones are rather 
greater than any others, but yet not ſo much as 
deſerves to be taken notice of, This appears alſo- 
from the common principles of mechanics ; fince 
the higheſt arches, which are moſt loaded, have the 
directions of their preſſures leſs oblique ; and on 
the contrary, the loweſt which are leaſt loaded, 
have the directions of their preſſures more inclined. 

This being demonſtrated, many difficulties 
which often ariſe in the conſtruction of arches, are 
eaſily avoided :* as for example, when a powder 
magazine built, in the common manner would be- 
come ſo high as to be ſeen from without, it may 


be made with an elliptic arch; when cazemats, 
ſally- 
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fally-ports, or any other fubterrancous buildings 
are to be built under low rampatts, and there is not 
a ſufficient quantity of earth to cover them if the 
arches were made circular, they may be made el- 
liptic, or with arcs of circles. It is true, that el- 
liptic arches may appear not fo ſtrong in powder 
magazines as circular ones, and of 'conſequence, 
leſs able to reſiſt the ſhock of the ſhells thrown 
upon them : but if it be conſidered, that they are 
more curvated at their hanches where they are thin- 
neſt, and that the middle of the arch, which is its 
weakeſt part, is ſufficiently covered by maſonry to 
apprehend any danger there; it will be found that 
the elliptic arches are full as ſtrong as the circular 
ones. i 

But the greateſt uſe of elliptic arches appears to 
be in the building of bridges, and they ſeem in- 
deed to be the only ones that are proper for ſuch 


works: for when the arches are of a great width, 


the circular form raiſes the middle of the bridge 
too high above the ends, whereby the draught of 
heavy carriages becomes very great, neither does it 
appear ſo well to the eye, and requires much more 
maſonry than is neceſſary; to which may be added, 
that this great weight requires larger foundations 
for the piers, and often cauſes them to fink when 
the foil underneath is not very hard and ſolid, as 
experience has ſufficiently ſhewn, 

I do not know what can excuſe an architect, 


who makes uſe of circular arches in bridges, when 


it is known that they require ſo much more ma- 


ſonry than is neceſſary; ſince an elliptic arch is as 


ealily deſcribed upon boards with a ſtring about two 
points as a circular arch about one, neither is there 
| | any 


any greater difficulty to trace the joints in one thai 
in the other, nor in the making patterns for cutting 
the arch-ſtones: therefore the pretended difficulties 
Which ſome builders alledge, to be met with in the 
| conſtruction of elliptic arches, are frivolous and 
trifling, in compariſon to the many advantages 
they have over all others, 

If the arches of Weftminſter-bridge had been 
made elliptical, and fo as that their heights had 
been two thirds of what they are now; then the 
great or middle arch, which is 76 feet wide, and 
38 feet high, would have been reduced to the height 
of 25 feet four inches, only, and the reſt in propor- 
tion; the quantity of maſonry contained in the 
arches would have been diminiſhed by one third, 
and the ſlope above, which is ſo conſiderably ſteep, 
and makes the bridge appear ſo diſagreeable to the 
eye, would have become quite eaſy. | 

In order to explain the ſeveral problems given for 
different arches, and to make their application plain 
and eaſy ; I have given examples in numbers of 
every one, and for the ſake of ſaving trouble to 
the builders, I have computed a table ot dimenſions 
for piers of powder magazines, being from 6 to 24. 
feet high, wherein the ſhock of the ſhells that may 
be thrown upon them has been conſidered :_ as theſe 
dimenſions agree very nearly with thoſe which Mr. 
Vauban has uſed in the conſtruction of ſeveral ma- 
gazines; and theſe magazines have never failed in 
any fiege, though many thouſands of ſhells have 
fallen upon them, as has been related ; the reader 
may depend upon the dimenſions we have given 
in our table, | 
EE: The 
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of in the ſecond and third parts of this work ſuch 
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The third ſection contains the theory of timber, 
a ſubject of no leſs importance to an engineer than 
any of the former; ſince thereby he is informed, 
how to place every piece in its beſt poſition, and 
what dimenſions they ought to have, fo as the 
whole frame ſhall be equally firetig in every part, 
without uſing more timber than is neceſſaty. After 
having determined the proportion” between the 
ſtrength of ſcantlings of the ſame or different ſorts 
of timbers, placed any how, and which have dif- 
ferent dimenſions; I give ſeveral tables of dimen- 
ſions for girders, joiſts, principal rafterg, and other 
pieces uſed in buildings, made of oak or fir, adapt- 
ed to large and ſmall buildings; and from thence 
it is ſhewn, that the dimenſions given by architects, 
bear no juſt proportion to each other. 

As moſt of our architects make the oaken ſcant- 
lings of larger dimenſions than thoſe of fir, which 
are to ſupport the ſame weight; and as Mr. Parent, 
formerly of the Academy of Sciences at Parts, is 
ſaid to have made ſeveral experiments on the 
ſtrength of timber, and found that the ſtrength of 
fir ſcantlings is to the ſtrength of oaken ſcantlings 
of the ſame dimenſions, as 6 to 5: I was induced 
to make ſome experiments myſelf, in order to con- 
firm, or ſhew the falſity of a ſuppoſition ſo impro- 
bable; by theſe experiments i found, that the 
ſtrength of the weakeſt oak I tried, was to the 
ſtrength of the beſt fir I could get, as 8 to 7, and 
by comparing the beſt of each ſort, as 3 to 2; 
which differs greatly from the practice of our archi- 
tects, and the experiments made by Mr. Parent. 

In regard to the practice which I have treated 
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as forming a ſcheme for building a fortreſs, the 
manner of tracing the works on the ground, the 
preparing and diſtinguiſhing the materials, the lay- 
iog the foundations in any kind of ſoil, the build. 
ing the walls and ramparts, together with all the 
military buildings which fall under the direction of 
an engineer; we ſhall refer the reader for theſe to 
.\_ the table of contents ; and only obſerve here, that 
Pill ngqtbing has been omitted which I imagined to be 


| | of any uſe to the young and unexperienced engi- 
17 neer. 

I I be fourth and laſt part treats of aquatic build- 
10 ' Ings, a ſubject more copious, and no leſs. neceſſary 
Ill to be underſtood by an engineer than any yet men- 


tioned: for few fortreſſes are now-a-days built but 

what are ſituated near navigable rivers, lakes, or 
Bit the ſea, for the benefit of trade and navigation : 
| conſequently bridges, harbours, fluices, and aque- 
{ ducts are immediately connected with them, and 

are to be built by the ſame engineer who directs 
if the works of the fortreſs; for which reaſon, I have 
Pit endeavoured to aſſiſt him as much as the ſhortneſs 
604 of the work will admit of. Ss - 
160 This part begins with the deſcription of ſtone- 
itt bridges, where, after having treated of their ſitua- 
| tions, and other previous precautions to be taken 
before the dimenſions are fixed upon; I give a 
problem for determining the thickneſs of piers of 
any .beight, when the width of the arch is given; 
and from thence I have conſtructed a table, contain- 
ing the thickneſſes of piers from 6 to 24 feet high 
for arches from '20 to 100 feet wide, which np 
author has yet done: It is true, Mr, Belidor has 


given a rule for finding the thicknels of piers which 
5 | are 
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are ſix feet high: but as this rule ſerves in one caſe 
only, and is deduced from practice, and not ground- 
ed on theory, nor any ſubſtantial reaſons; it 1s 
evident, that no great dependence can be had 
thereon, Then I deſcribe. various methods for 
laying the foundations, either with batardeaus, cof- 
fers, or other contrivances, in different depths of 
water, and in any kind of ſoil; and alſo the manner 
of carrying on the work from the beginning to the 
entire finiſhing the bridge, with all the ſecurity and 
neceſſary precautions we could think of. 

After this I treat of harbours, a ſubject of great 
importance in a trading nation like this, to pre- 
ſerve not only the royal navy in ſtormy weather, 
but likewiſe afford an aſylum for merchantmen 
when in diſtreſs ; though there have been ſeveral 
built in different parts of Europe in later times, yet 
we are very much in the dark in. regard to a me- 
thod whereby we may proceed in all kind of fitua- 
tions. Very few directors of theſe works have 
thought proper to communicate their proceeding 
to the public. Mr. Belidor is the only author who 
has written particularly upon this ſubject; but as in 
moſt parts of France ſtones are in great plenty, 
whereas they are generally very ſcarce in the greateft 
part of this country ; the method which the French 
chiefly follow can be but of very little uſe here : it 
is true, this author has given ſeveral others, that 
may be uſed in moſt fituations, which I have taken 
care to inſert in this work, and have added ſuch 
others as I imagined might ſerve upon thoſe occa- 
lions where his could not be applied. | 
I have endeavoured to be as particular as poſſible, 
in the preliminary enquiries to be made before a 
reſolution is taken to fix upon the ſpot of une 

4 | or 
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for making a harbour; as likewiſe in the choice 
of the materials to be uſed ; in placing the en- 
trance of the harbour, ſo as the ſhips may enter 
in ſtormy weather, and fail out when fair ; in 
the manner of laying the foundations in any kind 


of ſoil, in that of carrying on the work; and finally, 


in examining into the proper thickneſs which the 


piers ought to have, in order to reſiſt the motion 
of the waves, and at tbe ſame time be convenient 
for lading and unlading ſhips whenever it ſhould be 
found neceſſary. | | 

To illuſtrate what has been ſaid, I have given 
the plan and ſection of a pier made of ſtone or brick, 
together with the plan and ſection of one of wood, 
which both have formerly been propoſed for inclo- 
fing a harbour to be built at that time. As it was 
faid that the funds allowed were not ſufficient to 
build the piers with ſtone, I propoſed to lay the 
foundation only with ſtone, and to finiſh the reſt 
with bricks, ſtrengthened at every eight feet high, 
with a courſe of ſtoneg crampt together ; or, if this 


method was yet too dear, to build the piers with 


wooden frames, in the manner given here; but an 
objection was made that bricks would ſoon be de- 
ſtroyed in falt water; though it may be proved 
that when they are well burnt, ſuch as thoſe called 
clinkers, they are more laſting than Portland 
ſtone: For at Portſmouth, the foundations on the 
ſea ſide built with this ſtone, are quite made hol- 
low, and worn away by the motion of the ſea- water; 
whereas the bricks uſed at Woolwich wharf, at Cha- 
tham dock, and at Dover harbour, beſides ſome 
others to be met with in Holland, are not the leaſt 


damaged, though they have been laid theſe many 


ears. 
4 What 
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What has been ſaid in reſpect to the laying the 
foundation, and carrying on the work of piers for 


harbours, will equally ſesve for building wharfs, 


quays, and flips for docks; fince the one and the 
other require a continued wall to be made in 
water; on ly wharfs and quays are built with leſs 
trouble, on account of being near the ſhore, where 
the motion of the water is not ſo dangerous; and 
are built but of a fingle wall, which therefore is 
made ſtronger, and ſecured with land-ties,' to pre- 
vent its being thruſt out by the er burthens 
generally laid upon them. 

The work concludes with the manner of build: 
ing ſluices and aqueducts, a ſubject too copious to 


be treated ſo fully as it ought to be in ſo ſmall a 


work as this; however, the manner of ſecuring 
the foundation with common and dove- tail piles has 
been fully explained, as well as that of making the 
wooden frames and floors which are laid upon them; 

and how the maſonry is to be carried on in the 
ſecureſt manner, That the reader may be enabled 
to proceed upon all the various occaſions, which 
may happen in practice, I have given a genefal 
conſtruction of a large ſluice with a double pair of 
gates, in ſuch a manner as to be applicable to the 
moſt eſſential caſes, by changing a few particulars, 
which may vary in certain circumſtances; I have 
likewiſe ſhewn how to determine the moſt advan- 


tageous poſition of the gates, and given the dimen- 


ſions of the ſeveral pieces of which the gates of 
{och fluices are 'compoſed, whoſe width are from: 


8 to 48 feet; as likewiſe the irons'made uſe of to 


fix and ſecure them: in ſhort, nothing eſſential 
has' been omitted, which mightiany ways eontri- 
bute to the reader's ſatisſaction. - 1/4121 2103 « 2 
_ d.. | 
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If it be conſidered, that canals for navigation 
are made from one end of a country to the other, 
oyer hills and valleys by means of ſlujces and aque+ 
ducts ; that harbours are formed and cleared from 
the ſand and ſhingle driyen in by the water ; low 
and marſhy lands dried and made arable, as like- 
wiſe dry and barren lands ſupplied with a proper 
moiſture to make them fruitful ; countries are de- 
fended againſt a powerful enemy by forming inun- 


dations; towns ſupplied with water: and if to this 


we add, the excellent aſe of ſluices in the attack 
and defence of places, ſo well deſcribed by Mr. 
Belidor, whereby a fortreſs may be made almoſt 
impregnable ; whoever conſiders all theſe things, 
will find, that no works directed by an engineer, 
require a more extenſive knowledge, both in 
theory and practice. 

I have endeavoured throughout the whole 
work to be as diſtin as I could, in order to 
make the ſubje& plain and eaſy; but as no im- 
provements can be made in any branch of learning 


Without the help of theory, I fear that many of 


my readers will not underſtand the moſt effential 
parts of this work, which it was not in my 
power to treat of otherwiſe; I would therefore ad- 
viſe the learner to begin to ſtudy my Elements of 
Mathematics, which were compoſed chiefly for 
military gentlemen, and to ſerve as an introduction 
to works of this kind, 

As I am ſenſible, that for want of being tho- 
roughly acquainted with the Engliſh Language, 
many grammatical errors are to be found in this 
work, notwithſtanding all the poſſible care that 
has been taken ; ; 1 hope for the —_ s indulgence 
in this pet... 
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The PRAcTICAL PART 
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oe 
FORTIFICATION. 
e 
The Tyzorxy of WALLS. 


FH fewer given the elementary part of forti- 


fication in a former volume, we deſign in 

this to treat of the practice, that is, when a 
fortreſs is to be built, to ſhew how the ſituation is to 
be examined before the plan is made, and the figure, or 
form of the works to be uſed, fixed upon; ſo as to 
anſwer our expectation both in reſpect to the expences 
and the nature of the ſituation ; to trace the plan on the 
ground; to compute the quantity of — it will 
contain, and the quantity of earth to be removed; the 
nature and quality of the materials, and how to pre- 
pare them; to lay the foundation, whether it be on rock, 
moveable ſand, or on = other kind of ſoil; to = 
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the ramparts; to build the gate-ways, powder maga- 
Zines, ſtore-houſes, cazemats and other under-ground 
works; in ſhort, to give the principles and rules of 
every thing relating to military architecture; in the 
plaineſt and, at the ſame time, the moſt compleat man- 
ner that can be deſired, ; 
As the greateſt expence which attends the execution 
of ſuch, works is occaſioned by the quantity of maſonry 
required, it is of no ſmall importance to know the 
roper thickneſſes of the walls in reſpe& to their 
— ſo as they may ſufficiently reſiſt the preſſure of 
earth they ſupport, and at the ſame time there may be 
no more work uſed than is abſolutely neceſſary, and 


yet to make it ſtrong and durable, which is what we 


intend to treat of in this firſt ſection. 

Mr. Vauban was the firſt engineer who has given 
any rules for finding the dimenſions of ſtone walls 
which ſupport earth. This he did by means of one ge- 
neral profil, expreſſing the thickneſs, from one of ten 
feet to eighty feet high; and as he had more experi- 
ence than any other engineer, having been imployed in 
the works of above 150 places, a great number of 
which he built new, he would certainly have. been the 
beſt qualified perſon, to give ſuch rules, had his 
knowledge in the mathematics and natural Philoſophy 
been equal to his experience. But for want of this 
knowledge, ſo little regarded by moſt practical engi- 
neers, and yet abſolutely neceſſary for making any 


Improvement, ſome of his profils have been found 


too ſtrong and others too weak. | 
Some gentlemen of the royal Academy of ſciences 
at Paris, have endeavourcd to deduce the theory of 
walls, from mechanical principles, in which they have 
ſo far ſucceeded, as to lay a proper foundation for 
others to go upon : bur not being ſufficiently. acquaint- 
ed with the practice, they were obliged to have receurſe 
to Mr. YVauban's general profil, whereby their com- 
putations became very tedious and operoſe. * 
er 
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After them Mr. Belidor undertook to explain this 
theory in a more ample manner, in his book called 
La ſcience des Ingenieurs, in order to render its appli- 
cation to practice more = : but as he followed nearly . 
the ſame method as the former gentlemen, and con- 
fined himſelf likewiſe too much to Mr. Yauban's 
general profil, his operations are become not much 
ſhorter than the former : but to make the application 
to practice eaſy, he has given two tables, the one for 
walls with parapets, and the other for walls without 
parapets, from ten to a hundred feet high. 

After having conſidered the ſubject with attention, 
we found that if the profils were made ſimilar to each 
other, the work would be much ſhortened. And this is 
found to be agreeable to the nature of the preſſure 
which the earth makes againſt the walls. For the 
ſections of the ſame kind of earth terminated by the 
ſlope it would form, if it were not - ſupported, will 
form ſimilar triangles, which therefore are as the 
ſquares of their homologous ſides, that is, as the 
ſquares of the heights of the walls; conſequently the 
profils being likewiſe made ſimilar and proportional to 
that height, the preſſure and the reſiſtance, being made 
equal in one, will alſo be equal in all the reſt. | 

Mr. Belidor and theſe gentlemen, ſuppoſe the angle 
made by the natural ſlope of earth to be 45 degrees, 
which js one caſe only; for the ſlope made by clay 
or loam, will certainly be leſs, than that made by any 
other kind of earth; and it is plain, that theſe ſlopes 
vary according as the tenacity of the particles is greater 
or leſs: and therefore the tables given by Mr. Belidor 
are not ſufficient, | | 

They have likewiſe conſidered ſtone-walls only, and 
as the greateſt part of our fortreſſes are built with 
bricks, which are ſpecifically lighter than ſtone, it is 
neceſſary to have particular rules for them, different 
from the others. And as moſt ramparts are at preſent 
built with demi-reyetements, their dimenſions require 

3 likewiſe 
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likewiſe particular conſiderations: ſo that conſidering 
the whole extent of this theory, it will be found that 
all that has been ſaid by the former authors, is no 
more than a foundation for others to go upon, 


Of CounTERFORTS. 


IN building walls that are to ſuppord earth, buttreſſes 
are made behind them at certain diſtances from each 
other, which are not ſeen, as being covered with earth; 
they are made in view to ſtrengthen the wall againſt 
the preſſure of earth, and to ſave expences; for by this 
means there is no occaſion to make the walls ſo thick 
as they otherwiſe muſt be. Theſe buttreſſes, are called 
eee in fortification, and are made of various 
orms. 

Plate F. Fig. 2. Suppoſe the trapezium A BCD 
to repreſent the ſection of a wall without parapet; 
then the rectangle DF repreſents the elevation of 
the Counterfort, which is generally as high or with- 
in a foot, as the wall, and the baſe DG the length; 
and if we conſider the plane of the wall ; where KLMN, 
repreſents the baſe of the Counterfort, and NP, their 
diſtance from each other, which may vary at pleaſure. 

Mr. Vauban made the baſe KL MN of the coun- 
terforts always broader at the root K N than at the tail 
LM, in the conſtant proportion of three to two; and 
the diſtance from the center of one to that of the next, 
18 feet : On the other hand, Mr. Belidor would have 
them made the contrary way, that is, narrower at the 
root K N than at the tail LM in the ſame inverſe pro- 
portion of two to three; becauſe the center of gravity 
of the 'counterfort, being thereby farther from the 
wall, will ſupport a greater weight, than thoſe made 
by Mr. Vauban; they are beſides not ſo eaſily deſtroyed 
by cannon, when the wall is beat down, and ſo keep 
better up the earth, But as he imagined that the en- 

2 gineers 
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gineers would hardly change an old eſtabliſhed practice, 
for any other ever ſo advantageous ; he computed his 
tables according to Mr. Yaubar's profil. | 

We, on the contrary, make the baſe of our counter- 
forts rectangular, partly becauſe our engineers make 
them ſo, and becauſe they are very near as ſtrong as 
thoſe made by Mr. Belidor; they likewife bind better 
with the wall, and the workmanſhip is cheaper and 
eaſier ; ſo that in the mean, they are better than thoſe 
of any other form, * e x 

Inſtead of placing the counterforts at the fame di- 
ſtance, whether the wall is high or low, as Mr. Vauban 
does, we make their thickneſs KN to their interval 
NP always in the Conftant ratio of unity to three, 
and their length KL or DG, one fourth of the height 
D C of the wall. From this diſpoſition of the counter- 
forts, the profils become ſimilar, and their thick neſs 
BC above is in a conſtant ratio, with the height DC, 
when the ſlope A B remains the fame; as will be ſeen 
hereafter z whereby the operations become extremely 
eaſy. And this rule is agreeable to the preſſure of the 
earth, which we have ſhewn above to be ſimilar in the 
ſame ſort of ſoil. 

In a wall of ten feet high, the counterforts, according 
to Mr. Yauban's general profil, are 3 feet thick and at 
15 feet diſtant from each other; and in a wall of 80 
feet, their thickneſs is 10 and diſtance but 8; and there- 
fore his counterforts are too far diſtant in low walls and 
too near in high ones; whereas ours may be placed 
farther from or nearer to each other, according as it is 
convenient in practice, provided the proportions men- 
tioned above are obſerved. | | 

It may be obſerved, that the longer the counterforts 
are, the greater force they have to reſiſt the preſſure 
of the earth; but when they are made ſo narrow, they 
do not bind ſo well with the wall; for which reaſon; 
I would make their thickneſs never leſs than half their 
length, For inſtance, in a wall of 40 feet high, the 
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length of the counterforts will be 10 feet, accordin 
to the proportion mentioned before: their thickneb 
ought in my opinion, to be no leſs than 5 feet, and then 
their diſtances from each other will be 15 feet; but in 
a wall of ten feet high, their length will be two feet 


ſix inches; and their thickneſs ought to be two feet; 


then their interval will be ſix; whereas if they were 
made thinner, they would ſtand too cloſe to one another. 

In order to have a clear idea of what follows in re- 
gard to the theory of walls, it is neceſſary to explain 
the ſuppoſitions, on which its veracity depends. Thus 
we ſuppole that if new-made earth, ſuch as in ramparts, 
was not ſupported by a wall, the particles would looſen 
from each other by the dampneſs of the weather, and 
rumble down ſo as to make a. ſlope nearly in a plane 

urface, which plane is called:the natural ſlope of the 
arth; and is ſuppoſed to have always the ſame incli- 
ation in the ſame ſort of ſoil. 

The ſecond is, that the wall is ſo well cemented, as 
it were made of one ſingle ſtone, as far as its foun- 
ation, ſo that, if a ſufficient power was applied to any 
art of it, it would in overturning break off near the 

' *undation, and would turn in the ſame manner as if 
c was compoſed of one ſtone only 

The firſt of theſe ſuppoſitions may be proved an 
this manner; ſince whatever obliquity is required for 
one particle to tumble down, the ſame will alſo be re- 
quired for any other of the ſame weight and tenacity, 
and therefore the ſum of all the-particles tumbled down, 
will form a plane ſurface nearly, which has always the 
ſame inclination in the ſame.ſort of ſoil, but will vary 
according as the ſoil has a greater or leſs tenacity. For 
example, ſand will form a greater ſlope than common 
earth, and this a greater than loam or clay. 

It may be ſaid, that all the particles of the ſame ſort 
of ſoil have not the ſame magnitude, as may be ſeen 
diſtinctly in-ſand, and therefore what we have. ſaid is 
not abſolutely true: but though it is impoſfſilile to deter- 
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mine this ſubject according to a mathematical ſtrictneſs, 
yet it is ſufficiently exact for common practice, where 
ſo great a nicety is not required, nor neceſſary. „ 
As to the ſecond ſuppoſition, if we conſider that the 
wall is always built a twelve month, or ought to be ſo, 
before the earth is laid againſt it, it has tine to dry 
well, before any preſſure. is made againſt it; beſides 
ſmall branches of wood are mixt with the earth to 
lefſen its preſſure: and tho? the wall is joined as firmly 
to its foundation as in any other part, yet this is ad- 
vantageous to the reſiſtance of the wall; and the ſup- 
poſed equilibrium, between the momentums of earth and 
the wall, is not ſtriftly true, nor ought it to be ſo; or 
elſe the wall would ſoon tumble down, by the icaſt 
accident that would happen, | 
As we do not confine ourſelves, to any particular 
angle made by the natural lope of earth in the en- 
ſuing work; we are obliged to repeat here ſome of the 
Problems out of our Elements of Mathematics. 


PROBLEM I 


To find the preſſure of earth repreſented by the tri- 
angle CDT, againſt the profil ABCD, of a 
wall, in a direction perpendicular to the vertical 
line DC. Plate I. Fig. 1. 


AS the profil ABCD, and the triangle DCT, 
repreſent the baſes of ſolids which have the ſame alti- 
tude, the weights of theſe ſolids will be proportional 
to their baſes; for which reaſon we ſhall conſider · the 
areas of theſection A BCD, and of the triangle DCT, 
as ſo many weights, which are proportional to them. 
Since the ſum of the mom entums of all the parts ĩs 
equal to the momentum of the whole weight re-united 
into its center of gravity 8 art. 5 67 of our Elem, : 
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0 It is evident that the weight of the triangle DC T, 
may be conſidered as re united into its center of gra- 
1 vity 8, and the deſcent of that center, when the tri- 
| angle ſlides along the inclined plane, will be that by 
1 


9 


which its force againſt the wall muſt be eſtimated. If 
| therefore SR be drawn perpendicular to the fide DC 
I of the wall; the whole-prefſure may be conſidered as 
I: acting againſt that point R. 4 

I! Now becauſe the area of the triangle DCT, is equal 
1 to z DC Xx CT; if we call T. the action of the weight 
þ in the direction parallel to the inclined plane DT; and 
It W the part acting in the direction SR perpendicular 
1 to DC: we have DT: DC:: z DC x CT: T; by 
It art. 499 of our Elements; and DT:CT::T: W,. f 


BB > A Xa i« ww Tz, 


it by art. 301: and the compound of theſe proportions 
| gives DT#=:DCxCT::4DCxCT:W. Con- 
14 equently the angle C D T being given, the preſſure W 
will be given likewiſe. 


r 2 


Hence if the height D C of the wall be called a, DT 
unity, and CT = 5s: then will W = 35584, by the laſt 
proportion; and becauſe the action along the inclined 
plane DT, is retarded by the coheſion of the parts, 
and it has been found by experiments that a body 
ſliding along a ſmooth plane, requires one third of its 
weight to move it; therefore this expreſſion ought to be 

diminiſhed in the ratio of 3 to 2, in order to get the 
| true preſſure : Again, the ſpecific gravity of ſtone is to 
| that of earth as 3 to 2; ſo that if we will compare the 
weight of the triangle DCT of earth with the weight 
of ſtone ; the expreſſion muſt be reduced alſo in that 
ratio : that is, the value of W muſt be reduced in the 
ratio of 9 to 4, in order to get + 55a@ for the true 
* preſſure, | 


..X- XZ © 
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Becauſe the line SR, is parallel to the baſe A D; DR 
will expreſs the diſtance of the direction 8 R of the 
preſſure againſt the wall from the baſe, or the point; 
fix A, about which the wall muſt turn in order to be 
overſet ; and ſince DR is 4a, by art. 425.. the product 
of the weight 25544, multiplied by the diſtance 


75 gives * 54a, for the momentum of the earth? 7 


preſſure. 

NB. It may be obſerved that DT is toCT, ts 
radius is to the ſine of the angle CDT; and there- 
fore, s expreſſes the fine of that angle, when the radius 
is unity. 


PROBLEM IL 


To find the thickneſs BC above of a fone wall ABCD, 
fo as to refit the preſſure of the earth CD T. 


Draw BE perpendicular to the baſe A D; and let the 
weights Q P, be ſuſpended in the centers of gravity 
of the Sie AB E and the rectangle E C, and to 
be proportional to their areas reſf pectively. | 

Now becauſe the preſſure of the earth endeavours to 
overſet the wall in the direction SR or DA, whilſt the 
* Q, P, retain it in a direction perpendicular to 

um of the momentums of the N Q, P, 
os . be equal to the momentum of the earth's 
preſſure, in caſe of equilibrio. Hence, if BC or 
ED=x, and AE na; the letter # expreſſing an 
indetermined but conſtant quantity; then will 
znaa, Pax; and as the diſtances of the * ws 
Q, P, directions from the point A, are + AE, AE 

ED; that is, n, na ix; therefore 3 222 
will be the momentum of the weight Q, and nau | 
T S* x, 


Pleers wa 


Za xx, that of the weight P: the ſum of theſe two 
momentums being made equal to £ 554) the momen- 
tum of the earth, and both ſides divided by + a, gives 
x#x-2nax+-innae ; by adding + 
2naga to both ſides, the firſt will be a perfect ſquare, 
-whoſe root multiplied by , and the other fide by 81, 
is 9x TQ EL,, +27 nn. 1 
N. B. Mr. Cotes, in his Hydroſtatie lectures, page 61, 
ſays that the ſpecifiè gravity of ſtone is to that of bricks 
as 2.5to 2; that is, as 5 to 4. If therefore we increaſe 
the firſt term 24 55, under the radical ſign in the ratio 
of 4 to 5, we ſhall haveg x9 na = a/30 55427 nn, 
for the equation which determines the thickneſs above 
of brick walls, 

For example, if the baſe of the wall's ſlope is one fifth 
of its height, and the ſlope of earth makes an angle of 
45 degrees; then will » = 4 ==: 2, n=. 04, and 
' $5$=. 5: whence multiplying 24 by .5 and 27 by . o4 
and extracting the ſquare root of the ſum 13.08, we get 
3.6167, from which ſubſtracting 1.8, and the diffe- 
rence divided by o, gives x = .2018 4, or x = 54 
nearly in ſtone walls. But if 30 be multiplied by 
.5z and added to 1.08; the ſquare root of 16.08, will 
be -4.009 nearly; from which ſubſtrafting 1.8, and 
dividing the difference by 9, we get & =.245 4 nearly 
in brick walls. : 

PROBLEM III. 
To : find the thickneſs above, of flone walls which 
' have counterforts, ſo as to ręſiſ the preſſure of the 
* earth. Fig. 2. | » 


Becauſe the length DG of the counterforts being a 
fourth part of the height DC; the area D F will be 
12% and AD 2 D G, that is, x-þ<na +756, 


will be the diſtance of its direction from the pony A 
| f ere 


Hm ag =o@ XN wp — wy Pry — dA — 
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therefore 44a ＋ 3.2 4) + Ir 41, will be the momen- 
tum of the counterfort: but as there is an interval be- 
tween them, and therefore is too much by that inter- 
val, or as but one part in four is taken up by the 
counterforts; this momentum muſt be divided by 4, 
in order to have Ma Tπά #4) + r a, for the 
true momentum z which being added to that of the 
wall found in the laſt problem, and their ſum being 
made equal to that of the earth, when. divided by + a, 
gives, xx TL 2nax + pax +3nnea +, aa= 
r gad: if we add 3 #14@— 24 a8 to both ſides, 
the firſt will be a perfect ſquare, and the ſecond 
reduced under the ſame denomination, whoſe common 
denominator is 81 X 64 then the firſt ſide multiplied 


by its root 72, gives 72x 72 4＋- 4.5 4 2 4 


571530 54 — 60.75 + 1728 un for the general equation 


which determines the value of x in ſtone walls: But 
if we increaſe the firſt term 1536 55 under the radical 
ſign, in the ratio of 4 to 5, as has been ſhewn in the 
laſt problem, we get 72x + 72na + 4.54 = 2 
4192055 — 60.75 + 1728 »n, for the general equa- 
tion which determines the value of x, in brick walls. 

Hence it is manifeſt, that when- the fine s, and the 
value of » are known, the thickneſs above x,' of the 
wall, will be always expreſſed by parts of a, the height 
of the wall; and from thence, general rules may be 
found for all the different ſlopes that commonly are 
given to walls, and for any angle the ſlope of earth 
makes with the vertical line DC, as will appear by the 
tollowing examples. 

Let the baſe AE of the ſlope be one fifth of the 
height DC, and CDT an angle of 45 degrees : then will 
n =.2, and 5s = +; theſe values being ſubſtituted 
into the firſt equation gives 776.37 for the quantity 
under the radical ſign, whoſe ſquare root is 27.8634; 
from which ſubſtrafting the — 18.9 a, of the two 
known terms, and dividing the difference hy 72, we 
get x = .12454, or x =+ &4 nearly in ſtone walls. 

But if we ſubſtitute the values of 5s and x, into the 

ſecond 
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ſecond equation, we get 968.37 for the ſum of the 


terms under the radical ſign, whoſe ſquare root is 


31.118, from which ſubſtracting the ſum 18. ga, of 


the two known terms, and dividing the difference by 
72, we get x . 169 4, in brick walls 
If the baſe AE of the ſlope is one ſixth, and the 


angle CDT, 45 degrees: then will » . 55 = 4; 


theſe values being ſubſtitured into the firſt equation 


gives 755.25 for the ſum of the terms under the radi- 


cal fign, whoſe ſquare root is 27.4814, from which 
ſubſtracting the ſum 16.34 of the two known terms, 
and dividing the difference by 72, we get x =.153a, 
in ſtone walls. 

But if the ſame values of » and 55, are ſubſtituted 


into the ſecond equation, we get 947.25, whoſe ſquare 


root is 30.7774, from which ſubſtracting the ſum 16. 54 
of the two known terms, and dividing the difference 


by 72, gives x = .1984, in brick walls, 

Again, ſuppoſe the angle of the ſlope DT to be 30 
degrees, then will s=.5; and 55 =.25: theſe values 
being ſubſtituted into the firſt equation, give 384, 
for the firſt term under the radical ſign, and by ſubſti- 
tuting that value in the ſecond equation, we get 480 
for that term, | 


Now if #=.2; we get 392.37 for the ſum of the 


terms under the radical ſign, whoſe ſquare root is 
19.808, and hence x = .013a, nearly in ſtone walls; 
and in brick walls, we get 488.37 for the quantity 


under the radical ſign whoſe ſquare root is 22.099, and 


hence x =.044 a nearly. 

Becauſe the ſum of the ſquares of the ſine and coſine 
of any angle is equal to the ſquare of the radius; if we 
ſubſtract the ſquare .25 of the ſine of 30 degrees, from 
the ſquare of the radius or unity, we ſhall have .75 for 
the ſquare of the ſine of an angle of 60 degrees. 


Whence, ſubſtituting this value into the firſt equa- 


tion, we ſhall have 1152 for the firſt term-under the 


radical ſign, and by ſubſtituting the ſame value into the 


ſecond, 
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cal ſign. 


of Now if # =, 2; then will 1160.37 be the ſum of 
by tne terms under the ſign, whoſe ſquare root is 34.064, 
and hence x =. 2114, in ſtone walls, and 1448.37, 
the will be the ſum of the terms under the ſign, whoſe 
.* > WEſquare root is 38.057: and therefore x 26, in 
on brick walls. When the ſlope of earth DT makes any 
di- Bother angle, the operations become more tedious z and 
ich in that caſe the values of , are to be taken out of the 
ms, ¶ tables of natural fines ; and it will be ſufficient to take 
3% only the three firſt numbers. 
But to ſave the trouble to the practical engineers, we 
ted have computed the values of x, when the ſlope is 3, 2, 
arc =, 2; for both ſtone and brick walls; and when the 
5 dope D T of earth makes an angle from 30 to 80 de- 
nce I grees, for every 5 degrees, which we imagine to be 
ſufficient, as may be ſeen in the following table, where 
39 Wthe fractional numbers in the firſt horizontal column 
ues expreſs the ratio of the baſe A E of the wall's ſlope to 
844 the height of the wall; the firſt vertical column ſhews 
ti. che angles which the ſlope of earth makes with the 
+50 vertical line DC: and the other numbers give the ratio 
of the thickneſs of the wall; or the values of x, to its 
the height, which numbers are all decimals. 
Ras Example, If the baſe AE of the ſlope is one fifth 
ls; of its height, and the angle CDT, is 45 degrees; 
uty Wl then the number oppoſite to 45 and under 4, is 125, 
and which being multiplied by the height of the wall, 
ſuppoſe 3o feet, gives 3.750, or 3 feet 9 inches; ſep- 
ine poſe the angle CDT, to be 60 degrees, and the baſe 
WE Wl of the ſlope one fifth; then the number 211 oppoſite 
om to 6o and under 4, being multiplied by the height of 
for I the wall 30 feet, gives 6.330 or 6 feet 4 inches nearly. 
| N. B. It muſt be obſerved once for all, that we 
ro always take the neareſt number in all our computa- 


1 tions. Thus if the fourth decimal is either 3 or above, 
te we always increaſe the third by unity ; the ſame thing 
ol 


ſecond, we get 1440 for the firſt term under the radi- 
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is to be obſerved in regard to inches: for in the laſt ex. 
ample .33, multiplied by 12, gives 3.96 inches, which 
is 4 inches nearly. 


GENERAL RULES 
For Stone walls. For Brick walls. 


D 


1 2225 320 d 


x» 
—— 


= 
T T1 # | 


75 |265|292 316 | 332 || 327 356] 378] 395] 
70 |250|280| 301 | 317|| 311] 240|302 | 378 


| 65 235252 283 20, 290 | 320| 342| 358 
6o |211|239|256| 277 || 266] 296] 314] 333 


- 


| 55 | 191| 214235251 [238 [267 288] 304, 
50 | 153] 185| 202 | 221 [205 [230 | 251] 271 
45 [125| 153]173|189||169|198 [219] 235 
40 889 117| 137] 153|| 130159] 179] 195] 
35 052 | 079 | 093 [114 '087 | 116 134 152 | 
| 30 | 013 038 | 057 | 072 || 044] 071 | 090 To6| 


As the baſe of the ſlope is never leſs than one eighth 
nor greater than one fifth of the wall's height; we 
thought it needleſs to carry theſe general rules any 
farther, which however may be done by means of the 
two preceeding equations, whenever it 1s thought ne- 
ceſſary. | | 

To find the general rule for any intermediate angle, 
ſay: As 5 degrees is to the difference between the 


given angle, and that next to it in the table, ſo is the 


difference between the numbers in the table oppoſite to 
the angles next below and above the given angle; the 


fourth term added to the neareſt number if above it, 


or ſubſtracted if below, gives the number ſought. 
Thus the angle being 53: ſubſtract it from 55, ſub- 


ſtract the number 153 of 50 from the number 191, 
which 


ex. 
ich 


8882 


= 


EEA 
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which gives 38. Then ſay 5:2:: 38: 153 and 15 
ſubſtracted from the number oppoſite to 55, which is 
191 gives 176 for the number ſought. 

The firſt and ſecond tables have been computed 
from the general rules, when the ſlope of earth makes 
an angle of 45 degrees, which is moſt commonly the 
caſe in a middling ſoil, and is what Mr. Belidor and 
others have ſuppoſed ; ſo that if any error ſhould have 
been committed in theſe tables, they may be corrected 
by the laſt rules, and if the height of a wall, not ex- 
preſſed in theſe tables, ſhould be given, whoſe thick- 
neſs above being required, it may be found. Thus if 
the given height be 35 feet, and the ſlope one fifth 
_—_ that height by 125, which gives 4.375 feet 
or 4 feet and 4.5 inches for the thickneſs required in a 
ſtone wall. ; 

The thickneſs near the foundation, is found by 
adding the baſe of the ſlope to the thickneſs above; 

thus when the baſe of the ſlope is one fifth, and the 

wall 30 feet high, then one fifth of 3o is 6, to which 

add the thickneſs above 3 feet ꝙ inches, and the ſum 

9 feet 9 inches will be the thickneſs required. It is 

to be obſerved that the length of the counterforts, in 

theſe tables, is always one fourth of the walls height 
as has been mentioned before, and their thickneſs. is to 

their interval as unity 1s to 3. 


PROBLEM IV. 


To find the thickneſs of 1alls which have parapets, 
according to the third profil. Fig. 3. 


In walls with parapets, the ſlope” A B of the wall is 
always terminated by the cordon B, within four feet 
of the top F, and the upright wall BF HI, never ex- 
ceeds .three feet in thickneſs; and the part HI, 1s 
always terminated by the line DC produced, when BC 
does not exceed three feet. 1 
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If the upright part I F of the wall was ſufficient to 
reſiſt the preſſure of the earth, above the line BK pro- 
duced; there need be no other tables than thoſe already 
given; but as this is not the caſe; the preſſure of the 
earth above the line BK ſhould be computed as well 
as the reſiſtance of the wall I F, in order to have the 
true ſolution: of the problem : But this would make 
the work more tedious, than is neceſſary in practice, 
and therefore we ſhall eſtimate this force in an eaſier 
manner, which anſwers full as well. 

Suppoſe the wall ABCD to be carried up quite to 
the top F, and ſo as to be ſufficiently ſtrong to reſiſt 
the preſſure of the earth, and from thence the thick- 
neſs at BC is to be found; then I ſay, that the ſtrength 


of the whole wall will be ſufficient to reſiſt the preſſure 


of the earth. 4 

For the earth above the line B C, extends not above 
18 feet, that is very little farther than the parapet FN 
reaches; and therefore the part IF of the wall will 
nearly be ſufficient to reſiſt the preſſure of that earth; 
and as BC is more than it ſhould be, were the earth no 
higher than B C, it is plain that the wall thus deter- 
mined will reſiſt the preſſure of the earth more than 
is ſufficient: beſides this agrees perfectly well with 
Mr. Vauban's pow of 3o feet high, that has been uſed 
in above 50 places without having ever failed. 

Now becauſe the height BE is to the baſe E A of 
theſlope as the height BF, or 4 feet, is to the difference 
between the thickneſs at B and that at F; that is, as 
A E is na, BE =a; wehavea:na::4:4n= 
to the difference required, which therefore being added 
to the thickneſs at F, found in the preceding tables, 
anſwering to the height E F, gives the thickneſs BC 
required. 5 


GENERAL RULES. 


If the baſe AE is one fifth of the height, BE; then 
49 
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4 1 becomes. f or 9.6 inches, which is to be added to the 


thickneſs in the ſecond Column. 


If AE is one fixth of BE, then will 4n „ 


8 inches, which is to be added to the thickneſs in 
ourth column. 


the 


If AE is one ſeventh of BE; then will 4 n become 


7 


in the fixth column. 


$ or 7 inches nearly, which is to be added to the thickneſs | | 


Laſt, If AE is one eighth of BE; then 4n becomes 
+, or 6 inches; which is to be added to the thickneſs in 


the eighth column. 


have been conſtructed, the len 
in the tenth column, are the fourth 


ſoever, that have pets. 


neral rules are applied ; we ſhall ſuppo 


ra ' 4 | 
To ſhew by a bow examples how the preceding ge- 
ſe the height 
EB of a ſtone wall to be 30 feet, and the baſe AE 
one fifth of that height: then adding 4 feet to 30 we 
get 34 feet for the total height E F; and the thickneſs 
found in the ſecond column of the firſt table, anſwer- 


By theſe general rules the third and fourth tables 
of the counterforts 
part of the total 
height; though they are never carried higher than the 
cordon : But it muſt be obſerved, that the numbers in 
the firſt column, expreſs the heights, from the founda- 
tions to the cordon B only ; becauſe the height B F, 
of the upright part is always 4 feet in all walls what- 


— 
* 


ing to 34 feet, being 4 feet 3 inches; to which adding 
9.6 inches by the firſt rule, gives 5 feet and . 6 of an 


inch, for the thickneſs 
this thickneſs 5 feet; ſo that ours does not exceed 
but by half an inch nearly. 

It a ſtone wall is 24 feet high, and the 


required. Mr. Vauban makes 


his. 


baſe of the 


ſlope one ſixth; then 4 feet added to 24 gives 28 feet; 


and the thickneſs anſwering 


to this height in the fourth 


column of the firſt table is 3 feet 6 inches; by adding 

8 inches according to the ſecond rule; then the ſum 

4 feet 2 inches will be the thickneſs at B C m_—_— 
C us 
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Thus we have given tables not for ſtone walls only, 
bi ikewiſe when the 9 are built with brick; and their 
coniitutuons are deduced from the moſt fin Prin- 
ciples, and at the ſame time the moſt general that! 
couid have been thought of: and thoſe general * 
we have given for the diffetent angles the Nope of 
earth makes, are of excellent uſe in practice; for it is? 
eaſily perceived, that when the ſoil is of a ſtrong nature, 
ſuch as loam or clay, a great deal of maſonry may be 
ſaved, and when the ſoil is ſandy, how to proceed with! 
method and — which cannot be done without them. 
or by guels only. 


PROBLEM V. 


wy 20 the thickneſs above; of a one wall which 
| ſupports a perapet of earth above it, accirding 
to the fourth profil. Fig. 4. 


We ſhall for conveniency ſake, ſuppoſe; the opt 
CG of earth to be parallel to D H, that. which the] 
earth forms; though this is not always the. caſe in 
practice, yet the difference ariſing from n is in- 
conſiderable. | 1 

Let the vertical line DC produced, — the hori-) 
zontal one G H in F; if DC =4, DF = 4, and the 
reſt as before; then if from the momentum of the 
triangle D F H, which has been found in Cor. 2. aſter 
the firſt problem to be 44 5 5.4%, we ſubtract the mo- 
mentum of the triangle C F G, we ſhall have the mo- 
mentum of the earth, | 

Now as CF =b—a; "the eder of that triangle 
will be 2X 5 5X þ — 2», by Cor. x after the firſt pro- 
blem ; and fince the diſtance of, the line of direction 
drawn from the center of gravity of this triangle per- 
pendicular to D F, from the point fix A, is DC 5 


3 CF, or- —— — ; and the product of this diſtance multi- 
plicd by the weight, gives 2 55x 2} — 3abb + 


26 


ge Di enſi ons 


Farapets acute 


C 


Walls 


1 


Table 


ae 


Ale ae, 


4 


teNpper + 


'S S741 72 vSjs|S|>|&|> ||| So] |& 
$..v _ en & 9 6 DN "= * 6 5 0 5 0 5 * 5 0 © i 6s © _ 20 9 0 WW 
lee 

A4 I >; be © SIDE 8 E JE n i 
DEE EEE 
Nos 2 8 d SAS 
EEE EEE EEE 
NSS 
© of ox * 24 110 _ «++ +--| ++ '-*w FF oat we Sod © oo ”—— 
8 eee sers 
Jt $|5]0] $|=8|U]]> „ bs ©: hs bibs bot in 6: 5 od Bo 
* * 4 2 - = SE = a So BE: 4% 5 2 * DAM = — E 
* rn Sols fo fa 
I SIG RL ODOR OIRDOAQGCOOOOONE 
"Y _ — * = — .* + .* * ts hk * + «+ Leah +» * + .* + * * * * .* + 9 „ * — + * 

1 

CAA 
RENT S [SSS Ss Se 
4 8 4 ** 3 © 2 .* * * * . * . © © 6 V © * 0 .* * d * # © . © .* + „ © . * 4 * * 
SS] SP2H]u] uno HS | »v[S [SSL ob ſe les Sa&aN 
ISN SSS SSS v[S8]>|[wS]8S][8s 
J ie 3481 E ie TIN 2 
* SDMOOMpPSITILIOEPROROMMcREAIRBinNGRF 
8 45 s * * * * — % . * * * — * * .* + .* © s 0 . % © @ # 6 5 „* 2 © wo . + 
||| [*||[5| | o[olv|+[<|<v|<|o[o|/<\> be 

. |tS||v|w|o|S]>|+|w|ov|s]>[v|w]>]>S]>[v[>]e&T>8 
S| SS} SS[Sw} wa} Sn] v9] H&G OH * XIXIV 


Y 


SNS 


ee Ss Seils 
at = > hed bas SSI Is 
8 : IE ASA 
Ay F =RNK Sees 
D ; "_— 5 0 4 *+ | * „ 20 "= *+ |} *+ 

mn NY. : 1 N TS AUE 
ZE III 
2 ; . * « * + * . + * * 5 * * © . 0 5 * * 
E d A AS 
Ns Nr 
. ha SI KO EE a4: 44> 
8 2 EIA ESI 
T2 [5 ess S 
75 88 IE Ae 
E | J xv] v5] 8 S|<|$] 5] $8 
. * * = * — 5 Yao 2 IE .* » TY. 1 * + « 4 

KN Q * SSA AI 

| DO 

: STREET 
+ J SAIL JSSHEHSESSESC 
25 v5 v5 Wels I is IB 
E 1 „ I * E-4 8 ; = 8 
& DEER KI Ke v| v5] of © SS S021 

S SSI SANs 

Als 11918182 XIX XI 


Dimenſions & 


eee e 


Stone? | 


ff 


* 
—— 2064 
LY 
4 — 
? 


the 


ts, 


l 
- 


. 
uh. 


Second Profil 


& 


Walls u Parape 


sss Spes pes pes 
een ener- ern 221» 5 
PAE 
” $2- 3. 4 2 ds A $4 ©*, > 2 5 "4 —— 2 „„ cY 92 
IEEE 
5 SI ee ses 
Aer Abbe 
FSP v|]S|v]<|$Þ<]2|& 
E 70 28 IEA ISIS 
Iz EE L whe | 2] ufe]t HG[ ve 
. = — — — ern * + © ed 4 SS AX „ ES EX * 12 —— 
8 * al wlwlvly» vH SIS lt tein es % 
. 8 SSS SSS SSS SSS SSE 
27 I rs AS 23% 39 re eee Pn 
IS JIDBDRADOIEBSEIOOONMNMEGNNGIIIOKK 
S$]}8] jv] 8 N SIS PIA 
lleber 
— Bat | 
SSS Ness 
ANNA NEN das 
; FS 
Res Hl »|»|*] 5] | Ss] ok ee 
＋ Sisi se 81S 
8 © MS[8S|8|$|3[8|&a|3|U|I]S]J|8 


pag 18 | 


- Table N. C ontaining e Dim Mons o/ Breck > 
Walls aui Parapets 2corrdngtazhe Stcond. Profil 


PDD #(WhentheStgpacs fon hehypecs #\payr 
4 Thee , | - : N 


au. be, Theekt 7 1e 4 
above | below | above) befor | avover A above] belon tout. 
„ 2s. wls.:.6 E #15 . 2 
3 : 616 Fes :10[6 :6]4 : 1]6 A 316 : 314 : 9 
3 :wm[7-: 514: 317 © 314 5.612 jel 917 : 28 5 6 
4: 218 : 23Þ4 : 818 oſs „7 „es 217: 5415: 20% 
. 
% I 6 6 7e 3 6 29 26 : oN 
5 3 5s, ele 2346 : 41-04 4 g :40[6 :6 
13 71% 246 3% 2 o gr ez 
4 % „e 8081p 32 4.517 161 32 5 6: 
16 ; 31-2 : 112: // 72 ele 
6: 71/3 -6|/3: 218 / : 51/2: 818 £6; 
6 : 1114 T 1018 : 613 II :411/3% 519 & 0 
7 : 8 |4 | „ 449 5:6 1/4::219 : 6 
17 7 4 e ene 
7 2%: eee 410 % 4115: 7110: 6 
8:27: e 3116; 61/8: 10116: 414: 0. 
8: 77. 6 e 8117 3a: 4/7111 6 
8 : 10118: 314 12118; 014: 9/7: 9112: off 
9 i: 41/9: O 11: 7118; 9142: 3 18: 6112: 6 
9 + 8120: 91-2: o IE 91/9: 34435 2: 
70 : 0120: 6 [12 : 3120: 1113: 2119: ,s 6 


Sect. 1. FORTIFICATION. 19 


for the momentum of that triangle; which therefore 
being ſubtracted from 4, 5 543, gives SSX 34#5—83. 

Now becauſe the momentums of the wall and coun- 
terfort are the ſame here as in the third problem, if we 
divide the momentum of earth by 4 a, and multiply 
by 3 x 64, we get 768 55X 366 — a@ which being 
ſubſtiruted inſtead of the firſt term under the radical 
ſign in the equation of that problem we get 72 x + 
72 1444.5 22 /76855X30b —22 — Co. 75 42 a+ 
1728nnaa, for the equation which determines the 
unknown quantity x in this caſe. | 

When FC becomes = o, that is when there is nb 
parapet of earth above the wall; then will a = 6, and 
the laſt equation becomes the ſame as that in the third 
problem. | 

If the baſe A E of the ſlope is one fifth of the height 
EB; and the angle CDH 45 degrees; then will 
»=.e andss=.5: and the equation above becomes 


* 


72 * —— 18.94 2 a/1152 D Þ = 37 63 7a, in this caſe-; 
but if the baſe A E be one ſixth of the height BE, and 
the angle C DH, the ſame as before, we get 72 x + 
e By 


y. means of theſe two laſt equations, the fifth and 
ſixth tables have been conſtructed, wich contaln the 
ratio's between the height of walls and their thickneſs 
above: they ſhall be explained by a few examples. 

Let the height of a ſtone wall be'to that of the earth 
above it as 3 to 2; then becauſe 3: 2: 4: T4 
CF, we get 4--34a=+4a=6b; whoſe ſquare 
being multiplied by 1152 gives 3200; from which 
ſubtracting 375,62, atid- extracting the ſquare root of 
the difference, we get 53.144, from which ſubtracting 
15.9 and dividing by 72, gives x = .476a nearly, in 
the firſt caſe. | 
But if we ſubtract 396.75 from 3200, and extract 
the ſquare root of the difference, we ſhall have 52.942; 


from which 16 5 being ſubtracted, and the difference 
C2 divide 


7 
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divided by 72, gives x . 506 4 nearly, in the ſecond 


caſe. | 


If the height of the wall is to that of the earth above . 


it, as 4 to 3; then will 5 4 a; this value being ſub- 
ſtituted into 1152 55, gives 3528, from which taking 
375.63, and extracting the ſquare root of the remaind- 
er, we get 56.145; if we take 18.9 from this and 


divide the remainder by 72, we ſhall have x = .517 & 


nearly, in the firſt caſe. 

But if we ſubtract 396-75 from 3528 and extract 
the ſquare root of the difterence, we get 55.975 ; from 
this fubrraQting 16.5 and dividing by 72, we ſhall 
have x = .548@ nearly, in the ſecond caſe. 

If the walls are built of brick, then by what has 
been ſaid at the end of the ſecond problem, we have 
no more to do than to increaſe the firſt term under the 
radical ſign, in the ratio of 4 to 5 ; then the general 

uation above, becomes that for brick walls. Whence, 
if the baſe AE of the ſlope is one fifth of the height 
BE, and the angle CDH, is 45 degrees; then will 
n=.2, $S=.5; and 72 x ＋ 18.94 2 44055 — 
471.63 aa, will be the equation in this caſe : and if 
that baſe be one ſixth of the height BE, and the angle 
CD , the ſame as before, we have # = 3, 55 = .5: 
and therefore 72 x ＋ 16.5 a =4/1440 Þ b — 492.75 as 
will be the equation. 

Let the height of the wall be to that of the earth 
above it as 5 to2; then will þ a, whoſe ſquare 
multiplied by 1440 gives 2822.4, from which ſub- 
tracting 471.63, and the ſquare root being extracted, 
gives 48.484, and taking 18.9 from this, the remaind- 
er divided by 72 gives x . 411 4, nearly in the firſt 
caſe. | 

But if we ſubtract 492.75 from 2822.4 and extract 
the ſquare root of the difference, we get 48.266 and 
16.5 being taken from it; the difference divided by 72 
gives # = .441 4, nearly in the ſecond caſe. 


Expla- 


— 
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Explanation of the, following Tan Es. 


The fifth and ſixth, contain the ratio's between the 
heights of ſtone walls and their thickneſs above, when 
there is a parapet of earth above them; the baſe of the 
ſlope being one fifth and one ſixth of the height of the 
wall; and the ſlope of earth makes an angle of 45 de- 
grees z the ratio's between the height of the wall to 
that of the earth above it, are marked in the firſt ver- 
tical and. horizontal columns: the length of the coun- 
terforts being one fourth of the walls height, and their 
thickneſs is to the interval between them, as unity to 
3: that is the ſame as before : The ſeventh and eighth 
_ contain the ſame ratio's when the walls are of 

ick. | 

Their uſes are as follows: when the height of the 
wall is given, as well as that of the earth above it, re- 
duce the ratio to its loweſt term; look in the firſt ver- 
tical column for the antecedent, which is always ſup- 
poſed to expreſs the height of the wall, and for the 
conſequent in the firſt horizontal column, then the num- 
ber oppoſite to the firſt, and under the ſecond, ex- 
preſſes the ratio between the height of the wall to its 
thickneſs above. This number being multiplied by 
the height of the wall, and the three laſt figures taken 
as decimals, gives the thickneſs required. : 

Example, To the height of a ſtone wall, whoſe 
lope is one fifth, be 20 feet, and that of the earth 
above it 12: then becauſe 20 is to 12 as 8 is to 3; 
look in the firſt vertical column of the fifth table for 5, 
and in the horizontal one for 3: then the number 442 
oppoſite to the firſt, and under the ſecond, being mul- 
tiplied by 20, the height of the wall, gives 8.84 or 8 
teet 10 inches nearly for its thickneſs above, 

If the height of a ſtone wall, whoſe ſlope is one fifth, 
be 13 feet, and that of the earth above it 6: then in 


the ſame table, the number $71 oppolite to 13 and 
2 under 


22 PRACTICAL SeR. t. 


under 6, multiplied by 13, the height of the wall, 
you 4.823 or 4 feet 9 inches nearly for the thickneſs 7 
above. | | 
But if the ſlope is one ſixth, look into the ſixtn 
table oppoſite to 13 and under 6, and you will find 
403, which being multiplied by 13, gives 5.239 or 5 
feet 3 inches nearly. We have not inſerted the thick- 
neſs of the walls near the foundation ; becauſe they 
may be found by adding the baſe of the ſlope to the 
thickneſs above. | 

N. B. Thoſe ſquares which are marked with a point 
only, are oppoſite to ſuch ratio's as have been deter- 
mined before, and therefore it would have been need- 
leſs to repeat them. Thus the ratio of 2 and 2, of 3 
and 3, of 6 and 6, &c. is the ſame as that of unity to 
unity ; and it is the ſame in reſpect to all other equal 
ratios. _ 


PROBLEM VI. 


| To find the thickneſs above BC of a wall when the k 
counter ferts have a ſlope as FG. Fig. 5. 


Draw FL perpendicular to the baſe AG; then if Þ 
for conveniency ſake, we ſuppoſe C F to be one eighth, 
and the baſe D G three eighths of the height DC; the 
area of the rectangle D C, will be + a a, that of the 
triangle LG F, will alſo be one eighth of aa; and be- 
cauſe the diſtances of the lines drawn through the cen- 
ters of gravity, of the rectangle D F, and of the tri- 
angle F LD, perpendicular to the baſe DG, from the 
point fix A, are ADE DL, AL+3LG; that 
is, x + 2a + \'-@; x+na-+ z a; and therefore their 
ſum, multiplied by + @ a, and the product reduced in the 
ratio of 4 to unity, as has been ſhewn in the third pro- 
blem, gives 7/7 44x + i714 + 34 , for the mo- 
mentum of the counterforts, which being added to that ” 
of the wall found in the ſecond problem, and the _ 
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made equal to that of the earth; after having multiplied 
by 4 4, and the ſecond fide reduced under the ſame de- 
nomination, and the root of the firſt multiplied by 
the root of the common denominator 81x64, we get 
72x +72na + 4.5a=au/15305S— 07.5 + 1728 np, 
for the equation required, which differs from that 
found in the third problem, by the term 67.5, which 
there is 60.75. | | | 

Hence, if a = .2, and 55 = .5 theſe values multipli- 
ed by their coefficients, gives 769.62, for the ſum of the 
terms under the radical ſign, whoſe ſquare root is 
27.742, from which ſubtracting the ſum 18.9 of the 
two known terms, and the difference divided by 72, 
gives x . 1228 4, which is leſs than that found in 
the third problem; but not ſo much as is worth 
taking notice of: ſince in a wall of 30 feet high, tlie 
difference is only .7 of an inch : conſequently either of 
_ counterforts may be uſed according to the builders 
ancy. | 
Sometimes counterforts may be made with ſteps, 
which may be done by making them ſo as that the 
baſe and the area be the ſame, without changing its 
momentum. | 

Fig. 6. Sometimes the ſection of walls are made paral- 
lelograms without any counterforts, efpecially when 
they are low : .ſuch as ABCD : To find their thicknefs 
AD or BC; draw the diagonal AC, and through the 
middle L, and the point C, the lines LK, CE per- 
pendicular to the baſe A D produced; and let AD = x, 
DE = n4, and CE=4; then will ax expreſs > 
area of the parallelogram PB; and ſince the point 
is the center of gravity of the parallelogram, A K will 
be the diſtance of the line of direction from the point 
A; but becauſe A L is half of A C, the diſtance A K, 
will be : x-- 4 a, half the diſtance AE. Therefore 
the area'ax multiplied by the diſtance AK, gives 
xz@xx TTA dux, for its momentum, and ſo equal 


to 4554? that of the earth by the firſt problem; 
which 


— Ie 
—— — 
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which being divided by 3 a, and : 11a a, added to 
both ſides: the firſt will be a perfect ſquare whoſe 
root is I8xÞ-g9u@4=aw/g655+817nn, after having 
reduced the ſecond ſide under, the fame denomination, 
and multiplied the root of the firſt by the root of the 
denominator 324, of the ſecond. 

It the firſt term 96 6 under the radical ſign be in- 
creaſed in the ratio of 4 to 5, we ſhall have 18 x + 


| 
9na=ay12055 +8111 in walls built with bricks, | 
Hence if #=.2, and 55 =.5 ; we ſhall get#=.316 
nearly in ſtone walls, and x = . 355 a, in brick walls. a 
Hence it may be eafily known whether theſe kinds ſ 
of walls require more maſobry, than thoſe in the firſt l 
figure without counterforts : for we have found in the 3 
ſecond problem, when # and 5s, expreſſed the ſame g 
values as here, that x = 2018 42, and therefore the 8 
area of that profil, will come out to be. 3018 aa; and * 
the area of the parallelogram DB, is. 31 4 4: there- 
fore the difference .0082 a, ſhews that this laſt figure * 
requires more than the former; tho* not much in low 8 
walls. 
Before we conclude this ſection, we ſhall add one N 
general problem more, in order to ſhew that it would 
have been eaſy to reduce almoſt every thing into a few þ 
problems, were it not neceſſary to menage the learners G 
\ : 1 E 
capacity, and to lead him gradually from the moſt * 
ſimple and eaſy truths, to others more complex. 
PROBLEM vl. 1 
Let the profil of a ſtone wall be a parallelogram as = 
DB, and the counterforts a trapezium DCFH, 9 
hoſe outward ſlope F H being equal to C D that ab. 
of the wall, to find the thickneſs of the wall caſ 
when there is a parapet of earth above it. Fig. 7. — 
If for conveniency ſake, CF be one tenth of the — 
or 


height CE; and the reſt being the ſame as w—_ 
en 
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then will DH = 2 za + 7-4 3 which being added to 
CF, r a, and the ſum multiplied by the height 
CE, gives naa 4a for the area of the trapezium, 
which being multiplied by AD + + DH, that is x + 
»a +44, and product reduced in the ratio of 4 
to unity, gives Y , 0 þ fo nd + 130 
for its momentum z which being added to ⁊ ax x + 
z naa x that of the wall found above, and the ſum 
made equal to £55 3455 — 4 that of earth, found 
in the fifth problem; the whole being divided by + a, 
and {11104 -- ena -a, added to both 
ſides, the firſt will be a perfect ſquare, and the ſecond, 


being reduced under the ſame denomination, gives 
36x + 27 na + ,94 = 4/19255X300 — 44 
811144 — 48.0144 — 2.43 44, after having mul- 
tiplied the firſt ſide by 36 the root of the common de- 
nominator 1296 of the ſecond. | 

When the wall is made of brick, there need no 
more than to increaſe the coefficient 192, of the firſt 
term under the radical ſign, in the ratio of 4 to 5, 
which gives 240 for that coefficient in this caſe; the 
pther terms will remain the ſame as before, 

When there is no parapet of earth above the wall, 
hen will } Sa; and the firſt term under the radical 
ſign becomes 384 5544, and the reſt will remain 
as before. | 

When n=.2, and 55 =.5; then will 36 x + 6.34 2 
4/288 bb— 104.91 44, in ſtone walls: but if #= 5, 
and s5 = 5; then will 36x 3.4 bb — 
98.97 aa. \ 

And if b = a; that is, if there is no parapet of earth 
above the wall, we ſhall have x =.202 a, in the firſt 
caſe, and x =.232 4, in the ſecond. But if the 
height of the wall is to that of the earth above it, 
as 4 to 3, then will 3 43 the ſquare of which 
being ſubſtituted into the two equations, gives 882 8 4, 
for the firſt term under the radical ſign, and the ſquare 

root 
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root being extracted, we ſhall find that x . 64 
nearly in the firſt caſe, and x = .627 a, in the ſecond. 
Hence it is very eaſy to compare the quantity of 
maſonry, contained in walls, whoſe profil is a-paralle- 
logram as in this figure, and the counterforts a tra- 
pezium ; and thoſe whoſe profil is a trapezium, and 
the counterforts rectangles, as in the ſecond profil: for 7 
the area of the profil in the ſecond figure, with that of 
the counterfort reduced, is found to be. 287 aa, when . 2 
#=+, and. 299 4 4, when 2 . | 3 
And the area of the profil and counterfort according —½᷑ 
to the ſeventh figure, is found to be. 277 as when I|_4 
ni; and .298 ag, when . 1 <5 
Therefore the profil in the form of a parallelogram, 74 
requires leſs mafonry than that whoſe figure is a tra- 
pezium; and the difference is greater when , 7 
than when 1 = 5; but when is one ſeventh or eighth, 7 
the trapezium figure has the advantage, as will be — 
found by computation, E. 
Thus we have ſhewn how to find the thickneſs of // 
walls, ſuch, as ſhall reſiſt the preſſure of the earth, ofay — 
all the different profils, that may be uſed ; and it will WM // 
eaſily appear, that our method is both more general, /2 
and much eafier than that given by other authors ; the 
many general rules given here before, and their eaſy 
application to practice, are convincing ' proofs of it; 
beſides no authar has , attempted , before to give tables 


for ramparts with demi-revetements ; though they are 2 
much more uſeful than any ochers, on account, the | 75 
the moſt experienced engineers, ſcarcely build any 
others now-a-day, and that for very good reaſons; Li [7 
cauſe it ſaves great expences, | beſides. they are no 2 
fo eaſily deſtroyed by battering pieces, and when Wſ- 
breach is made, are Don repair. 2 
It may perhaps be ſaid, that we have reduced the 20 


countenſorta to certain figures which axe eaſily com- 
puted, and therefore: our ſolutions are not ſo. general 
as is pretended : But if the reader be pleaſed to conſr 
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Jer that the length given here agrees very nearly with 
hat given by Mr. Vauban, and the rectangular form 
125 been ſhewn to be more advantageous, than that of 
2 trapezium, beſides it is generally uſed here; as to 
hoſe whoſe profil is a trapezium, ſuch as in the fifth 
and ſixth figure; regard has been had to ſuch dimen- 
ſions as are moſt uſeful in practice, and ſuch as 
are of a due proportion in reſpe& to the walls which 
hey are to ſtrengthen. 


SE CT. IL 
The Tuzoxy of ARCHES. 


N fortreſſes it is abſolutely neceffary to build vaults 
and arches, ſuch as over gate-ways, under-ground 
paſſages, from the body of the place to the ditch, 
powder-magazines, cazemats, and lodgings for the 
ſick and wounded, and for thoſe which are not on 
duty, to reſt in with ſafety 

It is of no little importance, in the building of a 
fortreſs, to know exactly, and with certainty, what 
thickneſs piers that ſupport arches of various magni- 
tudes, require in different circumſtances, ſo as to make 
the work durable, and to uſe no more materials than it 
requires. The making powder- magazines, ſo as to re- 
ſiſt the ſhells thrown upon them in a ſiege, requires 
the utmoſt ſkill of an engineer, and has not hitherto 
been rightly determined by any body I know of. The 
engineers generally follow the dimenſions of thoſe con- 
ſtructed by Mr. Vauban, which indeed have ſo well 
ſucceeded, that it ſeems to be unneceſſary to attempt 
any other rules to go by; were it not required, in 
many caſes, to make arches of different width, figure, © 
higher and lower; and therefore, it will be proper to 
lay down general rules, which ſhall anſwer all theſe 
various circumſtances, | ' 

' c 
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It is one of the moſt difficult problems in mechanics, 
to find the momentum or force with which different 
kinds of arches act againſt the piers that ſupport them; 
and though many great mathematicians have endea- 
voured to ſolve it, eſpecially the gentlemen of the royal 
Academy of Sciences at Paris, and Mr. Belidor in his 
book called La ſcience des Ingenieurs; yet, if I am not 
miſtaken, neither of them has ſucceeded ; for whoever 
reads their performances will be more convinced of the 
difficulties that attend it, than of the truth of their ſolu- 
tions; and it is eaſily perceived that ſome of them are 
miſtaken, and have perplexed themſelves with tedious 
algebraic expreſſions, which when applied to eaſy prac- 
tical caſes are impoſſible, which ſhews that their com- 
putations are built upon erroneous principles. 

It is true, Mr. Belidor has better ſucceeded in his 
principles than many others; yet his applications a 
not free from objections, as will appear — an 
which is the reaſon that the thickneſs of the piers 
he aſſigns are ſo much leſs than they ſhould be. 

It ſeems to be a difficult matter to determine this 
problem exactly, on account of the ſuppoſitions which 
are neceſſarily to be made in regard to the cement that 
is uſed in the joints, in order to keep the arch- ſtones 
together. : 

Thoſe who go upon the refined ſuppoſition that the 
Joints are quite ſmooth and poliſhed, without any mor- 
tar, are greatly miſtaken; for beſides that no ſuch 
thing ſubſiſts in practice, their ſolutions when applied 
to practical examples, give nothing but impoſſibilities, 
as any one may be convinced who reads them with 
attention, 

In the enſuing work, we ſhall ſuppoſe with Mr. Beli- 
dor, that the arch-ſtones are laid in mortar, and fo ce- 
mented together as to prevent their ſliding upon one 
another; but not ſo hard as to compoſe as it were one 
ſolid ſtone, becauſe this would be a plain contradiction, 


| fince it could not act upon the piers in an oblique 
2 manner, 
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manner; out the mortar being of ſuch a conſiſtence 
only, that if the piers were not ſufficiently ſtrong, the 
arch would break in the weakeſt part, and thereby 
overturn the piers. This ſuppoſition is the moſt natural 
that can be made, and has been found true in practice; 
for ſeveral arches have fallen down, for want of ſuffi- 
cient ſtrength in the piers to reſiſt their preſſure; be- 
ſides mortar requires ſome time to harden, which 
being once effected, no accidents happen afterwards. 


 PROBLEMLI 


To find the preſſure of an arch againſt the piers 
that ſupport it. Plate II. Fig 1. 


Let AE FG be the ſection of half the arch, ABCD 
that of the pier which ſupports it; the point C taken 
near the foundation, may be conſidered as fixed, and 
about which the pier muſt turn to be overſet; MN, 
one of the arch- ſtones; O the center where all the 
joints meet when produced; and laſtly, let A S be the 
line which terminates the ſpring of the arch. | 

From the center of gravity X of the ſtone MN, 
draw a line X Q perpendicular to the under joint O M, 
meeting CD produced if neceſſary in R, and let C 
be perpendicular to that line; and X T to the hori- 
zontal line AO; laſtly, from any point L in OM, 
draw L K perpendicular to A O. 

From a known principle in mechanics, three powers 
are in equilibrio, or in a ſtate of reſt, when they are 
to each other as the ſides of a triangle which are per- 
pendicular to their directions: Now ſince K O is per- 
pendicular to the direction X T, of the gravity, OL 
to the direction X Qin which the gravity of the ſtone 
acts againſt the joint O M, and L K to that in which 
it acts in an horizontal direction againſt the oppoſite 
part of the arch; and as this laſt action is deſtroyed by 
an equal force of the ſtone x equally diſtant — 
. middle 


* 
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middle O F in an oppoſite — ; there remains the 
force only expreſſed by O L, which acts againſt the 
joint O — be conſidered. 
But becauſe this force produces more or leſs effect 
according as its direction XQ is farther from, or near- 
er to the point fix'C it is evident that the effect of 
this force is in the compound ratio of the force LO and 
the diſtance C Q of its direction from the point fix C. 
But becauſe of the right angled ſimilar triangles O KL, 
CQR, we have CQ:CR::KO:LO; or CQ 
LO=CR xKD; conſequently, the momentum of 
this force is alſo in the compound ratio of the gravity 
K O of the ftone NM, and the reſpective diſtance 
CR, between the point fix C, and the interſection of 
the direction X Q, with the vertical line C K. 
Whatever has ſaid with regard to the ſtone 
MN, is equally true with regard to any other whatſo- 
ever; and therefore the ſum of all the products of the 
weights. of the ſtones contained in halt A F the arch, 
each multiplied by its reſpective diſtance C R, will 
expreſs the total momentum or effect of the preſſure 
againſt the pier A C: becauſe the preſſure of the other 
half arch acts againſt the oppoſite pier. | 
By a known property of the center of gravity, the 
ſum of the momentums of all the parts, is equal to the 
whole weight applied to the center of gravity. Whence 
. L be the center of gravity of half A F the arch and 
LH be drawn perpendicular to the joint that paſſes 
through that center meeting CD in I; the weight 
of half the arch AF, multiplied by the diſtance 
CI, will expreſs the momentum of the preſſure againſt 
the pier A C. _ 


COR. 


Hence if the weight W, ſuſpended in the middle of 
the baſe B C of the pier, be ſuppoſed to expreſs the rin 
area ABCD; and "the area AE F G, of half the 
arch, then will + B C x W expreſs the momentum ol 


the 


FOReTS> FF v 


ect. 2. FORTIPICATION. zr 
he pier, and CIx-# that of the arch's prefſure ; 


erefore we have BCxXW=2nxCl, in caſe of 


quilibrio. Ar 2 7 
"REMARK I. 
As the ſurfaces of the arch · ſtones are generally 
ugh, and beſides the mortar renders them leſs liable to 


ide upon one another, than they would do without it; 


e momentum we have here given is more than what 
iſes barely from the weights of the arch- ſtones: and 
'e have ſhewi in the theory of walls, that a body 
laced on a ſmooth horizontal plarie, requires one 
ird of its weight to be moved; it is evident that the 


| omentum of the arch might be diminiſhed by one 


ird; but as arches under- ground fupport a weight 
f earth, beſides its own, and thoſe above ground, 
ught to reſiſt the force of ſnells, we ſhall not diminiſh 
har momentum. hereafter in our computation ; leavin 
p the engineers to make it leſs whenever they ſh 
ink it neceſſary; which they may do, by ſuppoſing 
to expreſs either the two thirds 'or one half of the 
aAEFG, in the following equations. 


| REMARK IL. 
As the angle AOL increaſes, fo the perpendicular 


Cor the momentum of the arch increaſes, till that 


ngle becomes a right one; then C Q becomes equal 
d the -line CV, terminated dy the horizontał line, 
iſſing through the middle of the upper joint EF; 
d therefore CV is the greateſt diſtance C Q of all; 
d when X Q pafles through the point fix C; then 
Q becomes. nothing; and when the direction X Q 
aſſes between the points B, C, it becomes negative, 
hd the greateſt when equal to DG +3 AG, and the 
art of the arch from the point where CQ = © to the 
Pr] ng AD, inſtead'of acting againſt the pier, add ſtrength 
d it, but as the above property of the center of gravity 
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is general, whether a part is negative or not; we hare 
no occaſion to conſider the negative part ſeparately. 


REMARK III. 


There is a remarkable er of the center of gra. 
vity, which being very uſeful in what follows, we 4 
mention here, viz. The ſolid content deſcribed by an 
plane ſurface, either in moving parallel to itſelf, or about 

'@ line as an axis; is always equal to the product of th 
generating plane, and the line deſcribed. by its center of 
gravity, This property has been demonſtrated in our 
treatiſe of Conic ſections, page 147, as likewiſe in ou 
Elements of math. page 253, 254, 255. | 


PROBLEM U. 


To find the thickneſs BC of the piers when the, ard 
is terminated by two concentric circles deſcribe 
From the center O placed in the line A S, whid) 


paſſes through the ſpring of the arch. 


Let the radius O A of the interior circle be called a 
and of the exterior one OG = 6, the height AB d 
the piers c, its thickneſs B C ſought. z: then if unit 
is to r, as the radius to the ſemi-circumference ; -wt 
have 74. r6, for the ſemi-circumferences of the radii — 
OA and OG; therefore 3744, 4766, expreſs the 
areas of the quadrants, whoſe difference is equal to 
by the laſt cor, that is, 44 =r bb —r 44: Now fine 
the ſemi-ſpheres deſcribed by theſe quadrants about tix 
axis, O A or OE, are the two thirds of the cy linde f » 
of the ſame baſe and altitude, and becauſe r aa, r 6,80 t 
are the baſes, and a, 5, the altitudes, we ſhall han 
321, Ir h, for the ſolid contents of the ſemi-ſphere 
and their difference will by the laſt remark, be equi 
to the product of the area AF = n, multiplied by ot 
circumference deſcribed by the center of gravity Lim 
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but 27 is to unity as KL is to 27 KL the circum- 
ference deſcribed by the radius OK or KL: There- 
ore zu KL =#—@, by the third remark after 
aving multiplied by 3, and divided by 27. a 
Now if we call OK or KL = m; then becauſe the 
adius OM which biſects the arcs A E, G F, biſects 
lſo the quadrants, and therefore paſſes through the 
enter of gravity, and the right angled triangles 
DKL, OLH, HDI. are iſoſceles; that is, OH = 
nm, DH S DIS a2 — 2 m, and CIS e T2 
a—z: orifg=c+2m—a; then will C12 
— 2; which being multiplied by 2 according to 
he Cor. after Prob. I. the product muſt be equal to 
he product c z z, of the area c 2 of the pier, by z; 
nerefore 2 R 2g - 21K, or cz T1222 = 
1g; but if we multiply both ſides by c, and add 
z, the firſt ſide will be a perfect ſquare, whole root 
c =za/2cng nn. * 8 
It may be obſerved, that if the equality 3» KIL = 
— , be divided by the equality 44 =rbb—ras,; 


e ſhall have 2 xKL =a+ _ after having mul. 
plied by r; from whence the value of KL u, is 


aſily found. - 
Example, Let a=12, þ=c=15: then becauſe 


= 3.14159, we ſhall have n=37Xbb—gam 


83 ES 
3.617: COST TIE and hence m 


629, and g=c 2-4 = 20.258; and if we 
ake the two thirds of 63.617, the area for the value 
f, on account of the friction, as we did in reſpect 
o the earth in the former ſection, we ſhall have 
2.411 for the value of a: Hence 2 cg +n=a650.151, 
hich multiplied by (2) 42.411, gives 37573-554, for 
he ſum of the terms under the radical ſign, whoſe 
dot is 166.053 z from which ſubtracting the known 
IM (x) 42.411, and dividing by the coefficient (c) 15, * 

| D we 


34 PRACTICAL Se 


we get 2 = 8.243, nearly, or BC of 8 feet 3 inch 
nearly. 

But if we take half the value of 63.617 the am 
for n; then will » = 31.808, and 2 cg ＋ =639. 546, 
which multiplied by 31.808 gives 20342.74274 
for the ſum of the terms under the radical ſign, whok 
ſquare root is 142.628; from which ſubtraCtin 
31.808 the known term, and the difference divided b 
the coefficient (c) 15 gives Z = 7.354, or B Cf 
feet 4 inches nearly. | 

And if we take the whole area A F for the value« 
u, we ſhall find by the ſame operation as before, tha 
BC is q feet 6 inches nearly. | 
Mr. Belidor found this thickneſs 6 feet 6 inches on 
the reaſon is, that he takes but half the area A F fa 
the value of u, and adds the other half to the pi 
and as this would reduce the thickneſs of the piers, t 
a trifle, he draws the line LI, of direction throug 
the middle of the joint at M, which makes the diſtana 
CI, greater than it ſhould be, whereby his value! 

Increaſed, though not as much as it ought to be; 2 
T appears by the examples above. 
It will be proper to obſerve, that if the piers u 
built with large ſtrong ſtones, and the arch bears 1 
other weight than its own; one half of the area A} 
will be ſufficient for the value of » ; but if the pi 
are not very ſolid, two thirds of that area muſt! 
taken for the value of à, and the whole in pow 
magazines, where the piers ought not only to be 
pable to ſupport the arch, but likewiſe the ſhock 
the ſhells thrown upon it in time of a ſiege. 


PROBLEM IIL 
To find the thickneſs BC of the piers when 
outfide GF is a right line perpendicular 
1 : the radius OM which biſects the guadra 
OAE. Fig. 2. or 
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It is evident that the triangles OLH, H D 1, are the 
lame here as in the firſt figure, and therefore this 


un problem differs from the former only in the values 
1.540088 of „ and n, whence if OM b, and the reſt as be- 
2 11,8 fore; then becauſe the right angled triangle G OF 
whol is iſoſceles, we have GF = 2 5b, and ſo 55 expreſſes 


the area of that triangle, and as 4 ras expreſſes the 
quadrant OA E, we haven = bb —; ras. 
Becauſe OF Va, the cone deſcribed by the 
triangle O F G, about the axis OF, will be expreſſed 
by 27 3 V, and the ſemi-ſphere being 4 7 @?, by the 
laſt problem; and ſince unity is to 2 1, as the radius 
KL or OK () is to the circumference 2 r deſ- 
ibed by the center of gravity L in the rotation, we 
have 3 1m = 63 4/2 — , by remark the third, after 
multiplying by 3 and dividing by 27. canfequently 


rs, t 5 
rouge = c + 2m —4, and cz+n= V/2cgn4+ 3% ag 
ſta 7. before. : ; 


REMARK. 


It is to he obſerved, that the thickneſs of the arch il 
the weakeſt part at M, is 3 feet when the opening A 8 
is 24 feet, being nearly the ſame as that given by 

r. Vauban, and to find the thickneſs in that place of 
any other opening, ſo as to make the arch equally 
ſtrong, the ſpate A GF E, muſt be to the quadrant 
OAE in the ſame ratio as in this caſe, which will 
happen when the length of the joint in that place is 
always one fourth part of the radius of the quadrant; 
for the triangle OG F, when OM is 15, will be to 
that triangle when O M = &, as 225 to 33, and the 
quadrant OAE, when OA is 12, will be to that 
quadrant when O A is a, as 144 to 44; and therefore 
I 144: 225::484: bb; the areas AG FE, will be 
imilar to the quadrants O AE; but when ſquares are 
proportional, their ſides are ſo; whence 12: 15:24: 6, 


or Y =. Conſequently, this value of 5, being 
D 2 ſub- 


dra 
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ſubſtituted into the values of 7 and m; 1.4142 for 97 
and 3.14159, for r, we get #== .777 aa, and m==.7 564, 
nearly for theſe values; which therefore are know 
when the radius @ is known, Ss 


EXAMPLE. 


Let a= 12, c=15; then will = 112 nearh, 
and m = 9.07; hence will g = 21.14, and if we take 
74 + the two thirds of the area AG F E for the value 
of u, then will 2 c g +- # = 708.866, which multiplied 
by 74 2, gives 52928.66 for the ſum of the term 
under the radical ſign, whoſe root is 230.062, from 
which ſubtracting the known term (x) 74.666, and 
dividing the difference by the coefficient (c) 15, give 
Z = 10.359 or B C equal to 10 feet 4 inches nearly, 

If c=9 and the reſt as before, we ſhall have z= 
9 595, but if we take 56 half the area AG FE, fo 

he value of n; we get 2cgÞ+n= 692.2, and 
38763. 2 good the ſum of the terms under the radici 
ſign, whoſe ſquare root is 196.883, from which ſub- 
tracting 56 the known term, and dividing by the 
coefficient 15, we get 2 9.392, or BC equal to 
feet 5 inches nearly : whereas Mr. Belidor has 'only 
Found 7 feet 8 inches for the ſame thickneſs, though 
we have here taken the leaſt value of j that can be. 


—_— * 
8. = — 
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PROBLEM IV. 


To find the thickneſs BC of the piers when the in. 
lde is a right line parallel to the outfide. _ 


The ſame thing being ſuppoſed as in the lat, 
we ſhall haven=bb—aa=F ,, and 31 
B—GSXvV2 gives mn = 7987 4. As the reſt is the 
ſame as before, we have g =c + 2 m— a, and cæ 
1 =a2cgn4nn 


C 


E X- 
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EXAMPLE. | 


Ifa=12, c=15; then will = 81, m=q9. 584, 
p = 22.168; hence 2cg +n = 719.04, by taking 
4 the two thirds of the area 81, for the value of u; 
and 38828. 16 for the ſum of the terms under the ſign, 
hoſe ſquare root is 197.048 ; from which ſubtracting 
he known term 54, and dividing the difference by 13, 
pives 2 = 9.536 feet for the value required, which is 
eſs than that we found above: the reaſon is, that the 


Pliel WS rmer area has been found to be 112 feet, and here 
5 reis only 81. Therefore the piers have here leſs weight 
* upport them there. . 

* PROBLEM v. 

2 x To find the thickneſs B C of the piers when the arch 
0, 


is terminated by two circular arcs, deſcribed 
from the ſame center O, below the line AS 
which paſſes through the ſpring of the arch. 
Fig. 3. 


Let the chord AE be drawn; the radius A O pro- 
uced ſo as to meet the arc G F in R, and the line 
DD parallel to P A, meeting CI in D and inter- 
ecting the direction LI in H; then if OA = a, 
MI, APS, PES AES and the 
uc AE v. 

This being ſuppoſed, we ſhall have 2 av for the 
area of the ſector OA E, and as the ſectors O AE, 
DORF, are ſimilar, they are as the ſquares of the ra- 


* in- 


Re U 
ill; therefore aa: b5:: 1av: I = co the ſector 


the DRE;and2an=vX bb 4, or becauſe 4 b= 5 4 
Z ＋ dy what has been ſaid before, we get 32 = 94v. 


Now becauſe the ſolids deſcribed by. theſe ſectors in 
nc rotation of the figure about a line paſſing Ds 


D 3 
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the center O perpendicular to the radius O M, are the 
two thirds of the cylinders of the ſame baſes, and whoſe 
altitudes are the chords of theſe arcs, by art. 217. of 
our Elem. Math, the baſes being ras, r 66, and the 


altitudes, b, = theſe ſolids are 3 4 a b, — 5, and 


if OL =m, then will 3amn=bxXxb —@ or 549 
m 61 4h. 

The right angled triangles OLH, H DI, are ſimi. 
lar to the triangle APE, and therefore PE (d): AE 


(5) :: OL (An): OH ==, and ſo DH =p +: 


| nba we have likewiſe A P (p): PE (4): : DH: 


d 
DI=d+F—==; now becauſe OP = @ —d, 


by ſubtracting the ſum of DI. and OP, from the 
height of the piers c; we ſhall have CI =c a+ 
= 25 or 1 it will be CI = 


7 
* 2 1d , 
g—=—, and conſequently, czz = 2 ng — 
5 2 


by cor. after prob. I. and if du =p q; the ſquare root Wil. c 
of this equation will be cz KHV α +944. 

Hence if the height PE of the arch be & three 
fourth of half the breadth, A P; that is, if d=3p ; the 
right angled triangle APE, gives 5 3 p, and the Nane 
right angled triangle AP O, 25 p = 24 a; theſe values 
being ſubſtituted into thoſe of g, 4, and OPS -A 
we get g c- In, q=+4n, and OP = e 
but AO (a) is to OP (r ) as the radius 100000 1s 
to the 28000 coſine of the angle AO E, and therefore 
this angle is found to be 73 degrees and 45 minutes 
or 73 3 degrees. Now becauſe v4 expreſſes the femi- 
circumference of the radius &; and 180 degrees is to 
73 3 degrees, as the ſemi-circumſerence 14 is to the 

2 arc 
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2. 

the arc v Aer ar; this value being ſubſtituted into 

ob thoſe of » and m found above, as well as 3.14159, that 
of of r gives 1 = .362 a a; and m = .8776 b. 


EXAMPLE. 
Let p=12; then willa = 12.5, b = 15; and if 
c=15, then will # = 56.56, m = 13.164, g = 


4 18.955; and if we take the two thirds of the area 
255 56.56 for the value of n, we get q = 28.283 and 
* therefore 2224 1.6544 will be the ſum of the two terms 


nder the radical ſign, whoſe root is 149.13, from 
which the known term 28.28 being ſubtracted, and 
he difference divided by 1 5, the coefficient gives,z = 8 
or BC equal to 8 feet nearly, which is 3 inches leſs 
than when the arch is a ſemi-circle. 


4 PROBLEM VI. 
the Ws fd che thickneſs B c of the piers when the a. 


fide G F is a right line parallel to the chord A E, 
and the reſt being the ſame as before. Fig. 4. 


It is evident that this problem differs from the for- 
mer, in the values of m and # only. Whence becauſe 
of the right angled ſimilar triangles APE, O ME, 


we have AP (p): PE (d): OMG): MF = . 


and as MR is equal to MF, we have for the 


lues 

: rrea of the triangle OR F, and fince 4 av expreſſes 
he area of the ſector O AE by the laſt problem, we 
20 is have 2p = 2 d4bb — apy. 

efore Now becauſe the ſolid deſcribed by the triangle 


OR F about an axis paſſing through the center O par- 
allel to the chord AE, is the two thirds of the 
Cylinder of the ſame baſe and altitude; the baſe being 
| X45 24 D4 rb by 
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rbb, and the altitude RF, _ this ſolid will be 


5 4 and as the ſolid deſcribed by the ſeftor O AF, 


in that rotation, is ra ah; we get 3mnp=2d5—if 
aahp,; after having multiplied both ſides by 3 P and 
divided by 2 r. | 


Therefore g = c—@ + 7 and cz + q = 


a2 cng—-q4q, by the laſt: ſuppoſing dn p. I 
the center O be ſuppoſed to coincide with the point P; 
then a, p, and d, are equal, and the equations in the 
two laſt problems, will then become, the very ſame a 
thoſe in problems the ſecond and third, with this re. 
ſerve, that OL is here called , and L K in the fir 
and ſecond figure. 


If P E is again the three fourths of AP, we ſhall find 


the ſame values, as in the Jaſt; that is, if 3 % = 4; 


174; and therefore 1 = ,528 24, mM S 1.092 4. 


EA A dM ©: Jo © 


Let p=12, and c=15; then will a = 12.5, 
n= 82.5, m= 13.65, and g = 19.56: and if we 
take the two thirds of $2.5 the area for the value of u 
we get q=41.25, and 33974.5625, for the ſum d 
the terms under the radical ſign, whoſe ſquare root is 
184.32 from which ſubtrafting the known term 41.25 
and dividing the difference by 15, gives 2 = 9.5; 
fcet; which is about 10 inches leſs than what we have 
found in the third problem. 

N. B. We have neglected the ſmall ſpace A G R, in 
the two laſt figures, as being but inconſiderable, and 
would have rendered the operations very tedious; be- 
ſides in practice a geometrical exactneſs is impoſſible 
and not neceſſary; eſpecially when the departing from 
It, renders the operations more eaſy and ſimple, as i 
happens here in this caſe. 

P R © 
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bi PROBLEM VI. 


5 And the thickneſs B C of the piers, when the arch 
is terminated by two circular arcs deſcribed from 
the center O, placed in the line A S, which paſſes 
through the ſpring of the arch. Fig. 5. 


lt is evident that the values of n and n are here the 
me as in the fifth problem, ſince we have the ſame 
Wctors and triangles here as in the third figure; there- - 


re 324 =9avand 54vm= 61 45. 
Now becauſe of the ſimilar triangles PE A, O LH, 


Wc have PE (d): AE(b::OL(m): OH==7, 
3 b 2A = DH, and the ſimilar triangles 
PE, DHI, give AP (p): PE (d)::DH:DI 


da, dz bm 4% 42 
Typ 727 


4 _ if - then will CI = g — 


24nz 
z conſequently, c22 = 2 ng — 


ter the farſt problem; and if dn = pq; the ſquare 


1.2; ot of this equation will be c z + q = /2ong + 49. 
9.5 !t © is one fourth of the radius O A; that is, if 


e radius is the two thirds of the ſpan of the arch, 
en will APS p A4; and the right angled tri- 


„ Wo: O PE, gives PE d= 4 Vg, and the 
0 ht angled triangle A P E, gives AE 14 s. 
i be t OE (a) is to PO (3 a) as the radius 100000 is 


the coſine 2500 of the A O E, which is found to 
75 degrees and 32 minutes, or 75.5 + degrees. 


And 


ſtituted into thoſe of » and m, gives # = .37 34 
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And ſince unity is to 3.14159, as the radius à is tg 
the ſemi-circumference 3.1419 4; and 180 degree 
is to 75.5 + as the ſemi-circumference 3.14159 a, 18 t 
the arc v = 1.32 4 nearly; this value of v being ful 


and m = .85578 h nearly. 


EXAMPLE. 


Let AP = 12, then will a= 16, and if c= 15 
then will u = 95.04, m = 16.766, g = 21.777, a 
if we take 63.36 the two thirds of the area 95.04, f 
the value of u, we get q= 81.734, and 48074.168 
for the ſum of the terms under the radical ſign, what 
ſquare root is 219.258, from which ſubtracting ml 
known term 81.734 and dividing the difference by 1g 
gives Z = 9.168 or BC equal to g feet 2 inches. 


* 
4 


' . 


PROBLEM Vw. 


To find the thickneſs B C of the piers, when the a 
Side is a right line parallel to the chord A E, 
the inſide arc. Fig. 6. | 


By the ſimilarity of the triangles O M G, APE 
we have PE MH. AP(p):: OM (5): GM= 


and fince GM and ME are equal, we get * 


the area of the triangle O GR, and as the area oft 
ſector OA E is au, we have 21d 2357 — 4240 
But the ſolid deſcribed by the triangle OG R, abt 
an axis paſſing through the center O parallel to A 


is £2 57; and that of the ſector O A E deſeribed if 


that rotation 2 raah; therefore 3 dmn = 2 
a adb, by what has been ſaid before. And becal 
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re is the ſame — here as in the laſt figure; we 


e gue + dn=pq, and 2 + q= 


cn g +99 as before. 

If we ſuppoſe again that OP is the three fourth of 
radius O Az then will the values of p, d, h be the 
e as before, and hence v = 1.32 4, #=.55 4 4, 
mn = 1.092 6. 


EXAMPLE. 


Let a 2 16, c=15; then will z= 140.8, m= 
4725 g = 22.876, and if we take 93.8 4 the two 
rds of the area 140.8 for the value of n; then will 
121.182, and 79103.893 be the ſum of the terms 
er the radical ſign, nl or ſquare root is 281.254, 
m which ſubtracting the known term 121.182, and 
ding the difference by 15, gives z = 10.67 nearly. 
B. We have neglected the ſpace ER F, in the 
d laſt figures, which could not be conſidered with- 
rendering the operations very tedious and perplexed, 
as in practice a ſcrupulous nicety becomes more 
ubleſome than uſeful, we aim more at ſimplicity 
n a too great mathematical ſtrictneſs wherever 
ctice is concerned. | 


LEMMAIL 
diameter O L, which biſetts the chord A E, 


AO, and O E, of an ellipſi, biſects the area 
of the quadrant ALE O. Plate III. Fig. 7. 


For the diameter O biſe&s all its ordinates which 
parallel to that chord, as well as all the lines drawn 
the triangle A O E parallel to the baſe A E; con- 


uently, the diameter L © biſects the area ALEO 
the quadrant, . 


COR, I. 


vining the extremities of the two ſemi-axes 


ww PRACTICAHS-- way 


COR E 


Hence, becauſe the tangent L H, is parallel to th 
ordinate AE of the diameter OL, by the nature a 
the ellipſis, and this diameter biſects AE in , af 
ſince AOE is a right angle; Am, O, E, n 
equal ; therefore the triangle O mA, is iſoſceles, ay 
being ſimilar to the triangle OL H, this triangle; 
likewiſe iſoſceles; conſequently, OK = KH, ar 
OL = LH, 


ed. 
G6, 
GE 


liptic 
ll be 
ixb 
Nov 
eſcrib 
e fig 
ribed 
e tW 


COR Il 


Hence the triangles AO E, OL K, are fimily, 
for the triangles O KL, HK L, having all their fide 
equal, are equal in all reſpects: and ſince the triang| 
HKL. is ſimilar to the triangle AO E, its equal OKL 
will be ſo too. 


Ititud 
eir d 
ppol 


ter h 
nualit 


COR. III. 


Becauſe OK: OA:: OA: OH, or 2 OK, by te 


laſt corollary ; whence OA OK 4/2; and by tk 
ſimilarity of the triangles AO E, OK L; we har 


OA:AE::OKk: OL, and ſince OAS OK 
we have AE = O Ly 2 by equality of ratio's. 


PROBLEM RX. 


To find the thickneſs BC of the piers, when Gt 
AE, are two fimilar elliptical quadrants, 
cribed from the ſame center O, and the jail 
are perpendicular to the tangent in that punt 
Fig. 8. 


IfOA=a, OG =b, OE d, and the reſt 5 
before; then will OF = = by ſuppoſition, when 
fince the circular quadrant deſcribed with the 7 


} 


io) 
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)G, 3, will be 3746, and is to the elliptical quadrant 


6 P, as OG (4) to OF =) and therefore this 


2 ; and the quadrant OA E, 


ill be * ra d by the ſame reaſon; therefore 44 1 
Xx aa, after having multiplied by 4 4. 

Now becauſe ra, rb, expreſs the areas of circles 
eſcribed by the radii O A, OG, in the rotation of 


e figure about the axis O F, and ſince the ſolids deſ- 
ribed by the elliptical quadrants in this rotation are 


liptic quadrant will be 


q e two thirds of the cylinders of the ſame baſe and 
(is) | . 1 

ge dicudes, theſe ſolids will be + 14 a4 d, — db, and 
0 * U | 


cir difference equal to 2 7 m by remark the third, 


ſter having multiplied by 3 a. The firſt ſide of this 
quality being divided by 4 @ u, and the ſecond by its 
| 3 . * 


b Xe. 

If we imagine a quadrant of an ellipfis to be deſ- 

bed through the center of gravity L, ſimilar to the 

drmer ; then the direction LH, will be a tangent to 
e ellipſis, and therefore perpendicular to the joint 

aſſing through that point; and OK KH, by cor. 
or OH=2m; hence DH=Sa+z—2m; and 


qual, gives 3 r m 24 ＋ : 


f y the ſimilarity of the triangles A OE, HDI, we 
me AO (a): OE ()::DH:DI=d+Z— 


md ron. 2md dz 5 
wy and lo CI =c—_d+ a — or if 


md 2nd 
—d+ =; we have 2 22 . by 


or. after prob. I. and if aq nd, the ſquare root of 
is equation is cz ++ q NTA. 


E X- 


ppoſing OK = m; which gives 3 amn = dx as, 
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ence is equal to 2r mn by the third remark, which 
gives 6m =aadNXb — 2h. 
As the reſt of the figure is the ſame as before, we 


we g=0 —d + =, aq=nd, and cz+q= 


2cng T 7, as above. 


EXAMPLE. 

Let 4=12, d o, c=15 , then will þ=7.5, 
nd the diameter On AE NI by cor, 3. will be 
0.6, and if we allow 3 feet for the thickneſs M of 
he arch; we have 5 = 13.6, whence = = 92,72, 
S9, 23, £ = 19.845; and if we take 61,812 the 
wo thirds of the area 92.72 for the value of u, we get 
= 46.36, and 38949.02 z$ far the ſam of the terms 
ander the radical Ggn, whoſe ſquare root is 197,255 
rom which ſubtracting the known term 44.36, ane 
viding the difference by 15, gives Zz=1 
early; which is g.5 inches leſs than when the inſide 
circular, this ariſes from the difference between 
ne weights of the arches; for we found 1 12 feet in 
roblem 3, and here only 92.72, ſo that either of 
ele arches may be uſed as occaſion ſhall require. 
But if c== 9, and the reſt as before; then will 
= 9.57, which is very little leſs than what has been 
ound in the third problem. | | 
When both ſides of the arch is terminated by ellip- 
is, its piers require leſs maſonry, than when it is ter- 
inated by circles; for we found in the ſecond pro- 
lem 8 feet 3 inches, and in the ninth 7 feet 6 inches, 
nd therefore the difference is 9 inches: notwithſtand- 
ng Mr. Belidor found the contrary, and from thence 
oncludes that the elliptic arch has a greater preſſure 
nan the circular one: this would be true if the weights 
the arches were equal; but we have found the area 

the circular one A* 63.62 feet, and 47.72 feet in 
he ellipſis; and therefore the weight of the circular 


ch is to the weight of the elliptic arch, as 133 is to 
100 


] 


L 
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100 nearly. So that the weight of the firſt is abo 
one third more than in the ſecond. 

19 Let 

PROBLEM XI. |= 
| | | 3938 
To find the thickneſs BC of the piers when there a " 
counterforts VD; the inſide of the arch ben — 
circular and the outfide a right line. Fig. 10 r 
an W 
Let CV b, be the length of the counterfon ¶ xrfort 
which having the ſame height as the piers, and the If w 
terval from the one to the other, is to their thickneſs i lar 
two to one, | | s beft 
It is plain that the point C is no more that abi m © 
which the piers muſt turn in order to be overſet, bt thoſe 
it is the point V or extremity of the counterforts: e kr 
that the diſtance V I of the direction LI, muſt here , gi 
found on the line V R. | | | inch 
If we retain the ſame values as before, we get . ne in 
77744, m=.7560, and OH = 2m, by the the 2 
problem: whence RH = a+ bz — 2, us ſo 
VI=c—a—b+2m—2, otifg=c— 4a —b © lat 
2m; then will VI g — 2 ; therefore 2 » g 2 Þi 
will be double the momentum of the arch. | ear tl 
And ſince c 2 expreſſes the area of the pier CA, If 
h + + 2, the diſtance of its center of gravity from tit d th 
line RV, we have chz- 4 c22 for its momentun i B 
and the area ch of the counterforts multiplied by + em 
gives + ch for its momentum, which being reduc") 
in the ratio of 3 to unity, gives 2 c=; therefore twit ngth 
the ſum of theſe laſt momentums, muſt be equal# uired 
that above, by cor. after prob. 1, that is c z 2 ＋ 2 cb} Ha 
+ tchbh=2ng—292,; and if SA cb, Laint 
ſquare root of this equation will be c2> + 2 oK 
a 2cng—4cchb+qgq. 4m; 
ble ti 
EMH win; 


9. 
bo 
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EXAMPLE. | 

Leta=12, c=9, b = 4; then will » = 112, 
| = 9.072, f = 11.144, and q = 148; hence 
1938.304 will be the ſum of the terms under the ra- 
ical ſign, whoſe ſquare root is 209.614 z from which 
btracting the known term 148, and dividing the dif- 
rence by 9, gives 2 = 6.846 feet nearly, or BC. 
qual to 6 feet 10 inches, which is 14 inches only leſs, 
an what Mr. Vauban has given to his piers, the coun- 
rforts being the ſame. | 

If we ſuppoſe c = 15, and þ=5 the reſt being 
e ſame as before, we ſhall have # = 112, #m = 9.072 
s before, and g = 16.144, q = 187z whence the 
m of the terms under the radical ſign is 873 37.84, 
thoſe ſquare root is 295.529, from which ſubtracting 
e known term 187, and dividing the difference by 
5, gives Z= 7.235 nearly, or BC equal to 5 feet 
inches nearly, whereas Mr. Belidor finds but 3 feer 
ne inch for the ſame thickneſs ; which methinks might 
ve given him reaſon to ſuſpect his theory, as diffe- 
g ſo widely from Mr. Vauban practice, although 
e latter did not deduce his rules from any theory, 
et his great practice made him arrive generally pretty 
ear the truth. 

If we ſuppoſe the height of the piers c to be 9 feet, 
d the length þ, 3 feet only, we ſhall find z = 7.746 
r BC equal to 7 feet g inches nearly, which differs 
om the thickneſs given by Mr. Vauban, by 3 inches 
nly ; ſo that according to this theory, he made the 
2 of his counterforts one foot more than is re- 
uired. 

Having conſidered that moſt practitioners are unac- 
wanted with algebra, and being willing to render this 
ok uſeful to every perſon employed in theſe works, 
e 1magined that a table containing the dimenſions of 
e piers of different width of arches would be accept- 


ble to many of my readers, we have inſerted the tol- 


wing one, | 
E A * As 
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The firſt column 10, 12, 14, &c. expreſſes the 
idth of the arches in feet; the reſt of the columns, 
Wc thickneſſes of the piers in feet and decimals, an- 
ering to their heights marked in feet in the vertical 
olumn 9, 10, 11, 12, &c. reſpectively from 9 to 

0 feet. | $7159 22 

It may be obſerved that the length of the counter- 
ports, have here been made one ſixth part of the open- 
g of the arch, or 3 5 is always equal fo the radius a: 
hich proportion we found to be moſt agreeable in re- 
ard to the thickneſs of the piers; for by making the 
ounterforts longer, the piers of ſmall ' arches would 
come ſo thin, and the materials would thereby not 
in ſo well, which ought to be avoided. 

Thoſe who are not verſed in Algebra, may depend 
n the dimenſions here given, and that the arches will 
good and laſting, provided the work is well exe- 
ted, and the materials good; it is however adviſe- 
e to leave the centers ſtanding at leaſt for ſix months, 

order to give time to the maſonry to ſettle and har- . 
n; which being done, the work will not fail after- 
rds. F x 


2 


PROBLEM XII. 


And the thickneſs of the piers, having counter- 
forts when the inſide is an ellipfis. - 


Becauſe we have 6mnh3 = 48dX#;>=2 6* and 
bhy = adxX26bb — r by problem X; and 
H=a+l+:z— 2m, by the laſt problem, ſup- 
ling CV = 1; and by the ſimilarity of the triangles 
Ak, RHI, we have AO (a): OE (a):: RH: 
I = 1+ CE Hence VI = c— 


a — 
dl | [ 
0 Ye —Z 42, or 1122 — 474 


a a ij 


Ti E 2 
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==, we get V1 — 2 and therefore 221 


ug 4 will be double the momentum of the arch, whid 5 
therefore is equal to double the momentum of the pa it 


and counterfort, found in the laſt problem; that is, czz4 
61 LA andifg=ct +" 
l 6 


the ſquare root of this equation will be c z yz 
Meng - cc. 


EXAMPLE. 

Leta=12,d=c=9, = 4; then will» = 92.1, 
m 9.23 by problem X. whence g = 10.845, 1 
q = 105.54 ; theſe values being ſubſtituted into tk 
equation above, gives 28806.5628 for the ſum of th 
terms under the radical ſign, whoſe ſquare root 
169.72, from which ſubtracting the known ten 
105.54, and dividing the difference by 9, gi 
2 = 7.13 feet. 

This thickneſs of the piers exceed that, when tie 
arch is circular by 3 inches only; but as the quanti 
of maſonry in the circular arch is to the quantity i 
the elliptic arch, as 112 to 92.72; or as.7 to 5.8 neat 
ly; it is evident that the elliptic arch and piers toꝶ 
ther require leſs maſonry than the circular arch and 

iers. 
by Since then the elliptic arch is rather ſtronger ati 
hanches than the circular one, and the middle or t 
weakeſt part, ſufficiently covered by maſonry ; and: 
it is lower, and therefore better covered from the ſigl 
of an enemy, it cannot be ſo eaſily deſtroyed; it! 
evident, that it may be uſed as well, and often wil 
greater advantage, than the circular one. 


P RO 
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PROBLEM XIII. 


o find the thickneſs of the piers of a circular arch 
when there is a wall AEF G above the piers as 
it happens over the gates of a fortreſs. Fig. 11. 


12 3H E 


The ſame thing being ſuppoſed as in the ſecond 
roblem, and calling the pickneſ AE of the wall d, 
s height EF, 5; then will 4% expreſs the area of 
e wall, which being multiplied by z— x d, gives 
hz—» 2: d4db for its momentum, and as that of the 
ier is zZ, that of the arch ng _»» 2, by the 
cond problem, and therefore czz +2 4b z = dd b 
1g —212; and if g == A; we ſhall have c2 
SV e dd 1 

NMB. It muſt be KELP that 4 =r bb =raa, 


eL and g c- +2 m by the ſe- 


— 
| ime 


ond problem. 


EXAMPLE. 


Let 8=5, Jr, c=10, daz, b==20; then 
ll »= 18.852, m= 3.854, g=12.708, q= 58.852; 
d performing the operations indicated by the equa- 
ion we ſhall find z, or the thickneſs B C of the piers 
be 3 feet 3 inches nearly. 


PROBLEM XIV. 


o find the thickneſs of the piers when the arch 
is elliptical, the reſt being the ſame as before. 
Fig 11, 


If the height within of the arch be called 3; then 
il zan=r 5x3ÞÞ —a a, 1 r 22 
E 3 4 


——— — —ͤ—ü—— ̃——1 — —————— —— — — 
* 
” 
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Cam S+ =, by the ninth problem; and 2 »g- 


2 12 will be double the momentum of the arch, whit: 
being made equal to double the ſum of the momes 
tums of the pier and the wall, found in the laſt pn 
blem, gives c zz 2dhz—ddh=2ng—2nz,q 
cz + q = w/2cng --cddh4-94q by ſuppolin 


= M — 


EXAMPLE. 


Leta=45, Jr, c=10, d=2, 5= 20, ub 
fore, and the height 5s = 4; then will » = 15. 
m = 3.854, g=12.166, q = 55.08; and perfom Th 
ing the operations indicated by the equation, we g 
2 3.154, which being ſomething leſs than the fv 
mer, ſhews that either of theſe figures may be uſed, x 
cording as it is judged convenient. * | 


PROBLE M. XV. ſan 


To find the thickneſs of the piers of a circular arc, 
when they have a given ſlope CD on the outfit 
Fig. 12. 


From the point C draw C E, and D F parallel ui 
AB, and let the direction LH meet CE in! 
then if BF 2, FC =4, and the reſt as before, tit 
rectangle cz multiplied by + z + , gives + c 221 


chz for the momentum of the part FA of the pill anc 
and 4 þ bc will be the momentum of the part CF tio! 
therefore c 22 + 2chz -|- 2 chh = 2ng — 2 nz by be 


ſecond problem; and if q = ch + n, the ſquare ro 
of this equation will be cx e = /2cng — 2 cchb + 


The values of n and » are the fame as in the i 
teenth problem, and g c = @& —b-þ 2 m. 


E 1 


EXAMPLE. 


Las=5, #2= 7, e 10, br=2; then will a= 
2, = 3.854 as before, and g = 10.708, q= 
523 whence the ſum of the terms under the radi- 
In is 5279.5719, whoſe ſquare root is 72.66, 
v waich ſubtracting the known term 38.8 32, and 

the difference by 10, we get 2 == 3-38 near- 
. BC equal to 5.38 feet. 


11 PROBLEM XVI 


on 7's * thing being ſuppoſed to find the thickneſs 
of toe piers, when the arch is elliptical. | 


The ſame denomination being ſuppoſed as in the 
fourteenth problem; then the values of m and u are the 


ſame here as there; and 2 Da, 


therefore, if q = 7 + ch, the reſt will be the ſame 


as in the laſt problem, that is cz+q=z4/2cng — 
2cchb +qg. 


EXAMPLE. 


Let 3 = 5, J, c= 10, $=4, Þþ=2y then 
will » = 15.08, m = 3.854, g= 10.566, q= 32.0643 
and performing the operations indicated by the equa- 
tion, we ſhall have z = 2,86 z and therefore B C will 
be 4.86 feet. : 
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PROBLEM XVII. 


Suppoſe a wall K OLM to be continued above th 
arch with a ſlope on the outfide ; to find th 
thickneſs KP or LM, the baſe PO of th 


lope being given. Fig. 13. 


Let PO d, PLS I; KP=z; and the reſts 
before; then zb multiplied by 4 z + d, gives 4 5224 
dþz for the momentum of the part PM of the pier, 
and 4 b multiplied by 3 d, gives 3 4d h for. the mo- 
mentum of the other part OP L; the reſt being the 
ſame as in the fifteenth problem, and therefor 
hzz+2dhz-+2ddh=2ng—2nz; and if q= 

4 #44 the ſquare root of this equation will be 524 


q=xN2nbg—3ddbb qgq. 


EAAMFLE 


Let a = 6, J g, c=10; b= 16, d= 33 tha 
will 1 =22 nearly, m = 4.486, g 20 —42— 47 
2 mM 9.972, q= 70; and finiſhing the reſt of the 
operations indicated by the problem, we ſhall have 
2 = 2 feet nearly; and therefore K O, is 4 feet. 

Arches, as theſe are uſeful in building galleries be- 
hind the counterſcarps of ditches, ſuch as are made at 
Bergen-op-2o0om, but when they are made pretty large, 
they become too high; for which reaſon I wouid 
chooſe to make them elliptical z and as we have al 
along found that their preſſure is rather leſs than that 
of the circular ones, on account of their having les 
weight; the ſame computations we made in regard to 
circular arches, will equally hold good in the elliptical 
ones. 


P R O- 
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PROBLEM XVIII. 


mo find the thickneſs BF or AD, when there is 


a preſſure of earth againſt the outfide flope CD. 

Fig. 12. 

We have ſhewn in the firſt ſection of this work, 
hat the preſſure of earth when compared to brick walls, 
yas equivalent to parts of the cube of its height; | 
nd as theſe walls are commonly. made of bricks, we 
ave no more to do, than to add r , to the momen- 
um of the pier found in the ſeventeenth problem, in 


der to have the equation cz+q = /2cng 
ecbh+49q=— x7, for this caſe, 


EXAMPLE. 


Leta = 5, 327. c = 10, þ = 2; then will 2 
8.85, m = 3.854, g = 10.708, as before in the fif- 
nth problem, and q = 38.85; theſe values be- 
g ſubſtituted into the equation, and the operati- 
ns performed as indicated by the equation, gives 
= feet nearly, and therefore BC is 4 feet. 


PROBLEM XIX. 


at 
ge, W's find the thickneſs of the piers, with counter- 
” forts, when there are two circular arches below, 
hs and a ſmall one above, Plate IV. Fig. 14. 


to The ſame denomination being ſuppoſed as in the 
cal eventh problem, in regard to the lower arch, and 
t the ſame lines be drawn in the upper one; then if 
2 =, OQorro=f, Qoor Or = x; u half the 
ea of the ſmall arch, h = 2 p; then will « = .7775s 
dp=.7565, by the eleventh problem: whence 7 

or 
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or 1125; Ozor OH = x. f+29; R 
or, RI=a+b+z<x+f— 29; and VI 04 
Gb —2+*—f+29; orify= c4-x +29; 
4 — 5 —J; then will VI = y— 2, which being mg 
tiplied by 2 4, gives 2 25 — 2 1 2 for double the f 
mentum of the upper arch; this added to 229 - 
double the momentum of the lower arch, and & 
ſum made equal to double the momentum of the pig 
and counterfort found in the before mentioned pi 
blem, gives c2z2z+ 2c hz 4chh = 2 ng 4285 
* 1 23 . 17 one 55 
root of this equation will be ca T = V ng! 
2 u — cc. wo = 


7 


EXAMPLE. "i 


Leta = 12, c=5=8; then if OQ = f = 14 
that is the lower arch, being three layers of br 
thick; and the height Po = 5 +; then will Q 
x 20; u= 49.728, p= 6.048, y= 9.763, 
1=112, M=9.072, g=10.144, by the eleventh 
blem; hence we get'/q= 197.728, and 64700.98 fon 
ſum of the terms under the radical ſign, whoſe ſqu 
root is 254.363; from which ſubſtracting the kne 
term 197.728, and dividing the difference by the 

efficient, gives z= 7.08 nearly. | 
M. B. We have ſuppoſed the trilinear ſpace SR 
tween the lower and upper arch to be empty; thi 
without maſonry, beſides a ſmall ſpace between 
rodf and the pier of the upper arch has been neglect 
but as it hardly can make any ſenſible difference 
the thickneſs of the piers, the reader may depl 
on that found here to be ſufficiently exact 
practice. 
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PROBLEM XX. 
; find the thickneſs of the piers with counter farts, 


when there are two ſmall arches below, and a 
great one above. Fig. 15. | 


Let ao=5; the height V r of the lower piers, x; 
= ,777$5; Þ = «7565; then will oh = 27, by the 
leventh problem; and as or T, we get 
b or ri=5+ b+z—2p, and Vi=#—_s—b 
2 ＋4 2p; or if y=xþ2p —5S—b; then will 
Wo /=y — 2, therefore 225 — 2 4 2, will be twice the 
omentum of the lower arch. 
Now if we ſuppoſe the ſame values as in the eleventh 
roblem, for the upper arch; that is 1 =.777 44, 
=.756 a, (hinge eG then will 2 4g — 
#2 be twice the momentum of the great arch; and 
herefore c2z2 4-2chbz-+ 4chb = 2ng + 2uy — 
12—24y; whenceif g = ch + n + u; the ſquare 
oot of this equation will be cx ＋ 42 Vecng + 
uy —4cchb +99. 


; EXAMPLE. 
Let 8=15,.c= 26, x=s=6, b=43z then 
ill S 27.972, p = 4.536, y = 5.072, n=174.825, 
= 11.34; and g = 29.38, q = 306.797; now the 
perations indicated by the equation being performed, 
e ſhall have z = 11,54 feet. \ 
Either of theſe two laſt problems/may ſerve to con- 
ruct large powder magazines in the inland part of the 
ountry, where no enemy can come near them; for 
fortified places, engineers chooſe to make ſeveral 
all ones, ſo that if any one be deſtroyed by the ene- 
y, the powder might not all be loſt, which would 
rove the loſs of the place at the ſame time. 
If the arches were made elliptical inſtead of circu- 
ir, they need not be ſo high, and a great deal of ma- 
2 ſonry 
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ſonry might be ſaved, as has been ſhewn in the twelſd 
problem. 


PROBLEM XXI. 


Let either of the exterior or interior curve of a 
arch be given to find the other ſuch, that all th 
arch-ſtones ſhall be in equilibrio with each othy 
Fig. 16. 


Suppoſe the interior curve A bc dB be given, a 
let all the joints produced, meet in the ſame point ( 
from the centers of gravity v, x, y of the ard 
ſtones, let the lines vr, x5, yt, be drawn at rigt 
angles to the horizontal line D Q drawn at pleaſur, 
and the latter interſecting the joints in E, F, G; thi 
it is evident, that if D E, expreſſes the weight of th 
ſtone v, E F that of the ſtone x, and F G, that of th 
ſtone y; the line CD, will expreſs the force wit 
which the ſtone v, preſſes the vertical joint H A; CE 
the force with which the ſtones v, x, preſs the jon 
Ih, and CF, the force with which the ſtones x, 
preſs the joint Ke: for becauſe three powers arei 
_—_ with each other, when they are as the ſid: 
of a triangle which are perpendicular to their directia 
and the ſide D E, is perpendicular to the direction v!, 
of the weight, and the ſides CD, CE, perpendiculs 
to the directions of the forces with which the ſtone «1 
preſſes againſt the joints CH, CI: Again, E F, 
perpendicular to the direction x 5, of the ſtone x, ai 
CE, C F, perpendicular to the directions of the foto 
with which the ſtone x preſſes the joints CI, C K; ti 
ſame thing is true in regard to any other joint. 

Since therefore the ſame line CE expreſſes the fore 
with which the ſtones x, y, preſs each other in cot 
trary directions, they deſtroy each other; again #4 
the ſame line C F, expreſſes the forces with which tit 


ſtones. x, y, preſs each other in contrary — 
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hey likewiſe deſtroy each other; and this is true in 
egard to any other two adjacent ſtones. Conſequent- 
y, if the weights of the ſtones are to cach other as 
he lines DE, E F, FG, they will be in equilibrio 
ith each other. 3 

Whence, if the curve HIK LM be ſuch that the 
ce AHI 5, be always equal to the correſponding 
Wriangle CD E, it will be that required, becauſe the 
| n of that triangle is given, its area will be as 
e baſe DE. 


Now becauſe the circular ſectors deſcribed by the 


2 
ft 


S =2S 


, adii CE, C6, CI, in the ſame time, are as the 
5 auares of theſe radii, and fince thoſe ſectors are like- 
oh iſe as the fluxions of the ſpaces CDE, CA, CHI; 
nnd the difference between the two laſt ĩs equal to the 
boy rſt, by what has been proved; the difference between 
th e ſquares of the radii CI, C5, will likewiſę be 
% qual to the ſquare of the radius CE. | 
** Hence, when C E becomes C D, CI becomes CH 
K nd C þ becomes C A: therefore the ſquare of C D is 
5 qual to the difference between the ſquares of the height 
| A, and CH at the key-ſtone, which being given, 
"i" line D will be given in poſition, and from 
ence the curve may be deſcribed. 


Though we have ſuppoſed the interior curve given, 

et it is manifeſt, the ſolution holds equally good 
hen the exterior curve is given. 
When the interior curve A B, becomes a right line 
arallel to DQ; the exterior curve H M, will alſo be 
right line parallel to D Q. For becauſe C E will be 
d Chas CD to CA in this caſe; and therefore CE 
d CI will be in a conſtant ratio; viz. in the ratio of 
D, to the root of the ſum of the ſquares of CD and 
A. Which ſhews that flat ceilings made of ſtones, 
d as all the joints meet in the ſame right line, or flat 
ches, if we may call them ſo, will have all their 
ones in equilibrio. 


PR0O- 
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PROBLEM XXI.L 


To conſtruft the exterior curve H M, when the in 
terior AB is given. 


Caſe 1. Let the interior curve AB be a quadrant 
a circle, deſcribed from the center C with the radiu 
CA or CB; and ſuppoſe the thickneſs AH or lengi 
of the key-ſtone to be given; then if BD be mat 
equal to CH, and through the point D, the indes 
nite line D Q be drawn parallel to GB. 

If after having drawn ſeveral radii CI, CK, CL 
C Mz interſecting DQ in E, F, G; you make on 
of the legs a e of a right angled triangle 2 cg, equi 
to CA; and you take upon the other always ce= 
CE; f= CF, eg eG, ad dea Climzgt 
CK=af, CL =ag; the curve paſſing through th 
points H, I, K, L, will be the required one. 

For becauſe CA, CB, are equal by ſuppoſition 
and CH, BD, by conſtruction, the ſquare of Ch 
will be equal to the difference between the ſquares d 
CH, or BD, and CA; and ſince, CA, ca; CE 
ce and CI, ac, are equal, the ſquare of CE or «© 
will be equal to the difference between the ſquares d 
C and. C&œ or CA; conſequently the curve HL 


that required. | ircle 
Fig. 17. Caſe II. Let the interior curve AB be! nick! 
circular arc . deſcribed from the center C, with en! 
radius CB or C A, and let the part AH of the radivi- 
drawn through the vertex A, expreſs the given thick Ircul 
neſs of the arch in that place; on C H as a diametſ "= 
deſcribe the ſemi-circumference of a circle HM Cy” 
take CM equal to CA, and in CA; CD equal i 3 
IM; and draw the indefinite right line D Q parall 3 as 
to the horizontal line C B; then, after having take. 
upon one of the legs c a equal to CA, of a right angle hho 


triangle acg, and upon the other ce, Ny The 
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W-ctively equal to the lines CE, CF, CG; and you 
e CI, CK, CL, equal to the correſponding 
ines ge, af, ag; the curve line HIKL paſſing 
rough the points H, I, K, L, will be the required 
ne. 
For becauſe CM, CA and CD, HM are equal 
y conſtruction ; the ſquare of CD is equal to the 
ference between the ſquares of CH and CA; and 
"ce we have alſo CA, CE, CI, equal to ca, ce, ci, 
eſpectively, it follows that the ſquare of CI is equal 
0 the difference between' the ſquares of C A, and CE; 
onſequently the curve H K L, has been rightly con- 
tructed. 

This problem has been given at the beginning of 
he fifth ſection, book the third of our mathematical 
reatiſe, not only for arches generated by a paral- 
but likewiſe for ſuch as are generated by a circular 
1otion; which the reader is referred to, if he wants 
o know all the different caſes. 


th 


We have endeavoured in this ſection to give all the 
o DE ficrent problems that poſſibly can happen in practice, 
laing to this ſubject; and to render it of more gene- 


al uſe, we have given the table of the dimenſions of 
ters for ſeveral openings of powder magazines; and 
hough the arches are ſuppoſed to be circular, yet the 
ame dimenſions may ſerve for elliptic; or parts of 
ircles. For in all the different kinds of arches, the 
aickneſs of the piers of the circular one has always 
cen found the greateſt, contrary to the erroneous no- 
ions of other authors; who have looked upon the 
ircular one as the ſtrongeſt and the beſt, without 
eing able to give any other reaſon than becauſe all the 
vints meet in the ſame point; not conſidering that the 
ame thing is ſo in all arches, made of parts of circles: 
nd as the fineſt bridges in Europe are built with ellid- 
e arches, it is maniteſt, that they are able to ſupport 
de weight with which they are loaded: beſides we 
we ſhewn that they require about one third leſs ma- 
ſonry, 


— — — — — — 
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ſonry; it muſt therefore be allowed that they arg x 
ferable to the circular ones, eſpecially when it is c 
ſidered that they look more beautiful to the eye, 3 
their ſlope is much leſs ; which on the contrary is 
very high in Weſtminſter-Bridge, that it is with the 
moſt difficulty, that heavy loaded carriages can g 
over it; though in many other reſpects, one of 
fineſt in Europe. | 
It is alſo eaſy to ſhew that powder-magazines, n 
with elliptic arches, have the advantage over circy 
ones in many caſes, For in forts, or wherever 
ramparts are low, it is impoſſible that circular powd( 
magazines can be built ſo low as not to be ſeen by 
enemy from without, and therefore will endeavour' 
deſtroy it as ſoon as he can, knowing that the ſu 
der of the place depends on it; and if they are | 
under ground, the powder can at leaſt no longer 
kept in it than during a ſhort ſiege, otherwiſe it v 
ſoon grow damp, and loſe its ſtrength : whereas 
elliptic arch may be made much lower. Nor will 
ſhells have a greater effect upon theſe than on 
others, becauſe the weakeſt part is ſufficiently cove 
ed with maſonry, ſo as to be in no danger; and a8 
the hanches, they are more curvated than the cirt 
ones, and of conſequence are ſtronger in that place, 
The two laſt problems are particularly uſeful 
building of bridges, becauſe the arch-ftones being 
equilibrio with each other, it is manifeſt, that 
bridge will be ſtronger, than when they are made 
any other form: it is true that the upper part of 
bridge cannot be made in this form, unleſs ut 
of one arch only; ſince the paſſage muſt have a rey 
lar aſcent and deſcent : yet nevertheleſs, the aff 
ſtones being formed in this manner, and the reſt 
the fide walls being finiſhed in the uſual way, Wt 
overplus of the weight is not ſo very conſiderable a 
produce any very great alteration in reſpect to the fol 
of the arch ſtone, | 1 
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zeſides when a bridge is built otherwiſe, that is, in 
uſual manner, the weakeſt part is loaded with a ſu - 
numerary weight, as well as the ſtrongeſt, whereby 
mains ſtill the weakeſt, and if that part is more 
Jed in proportiun. than the reſt, the force to reſiſt 
weight muſt be weakened : on the contrary, the 
teſt part of the weight being in equilibrio, the re- 
inder cannot cauſe ſo great a difference, as in the 
al manner. 


SECT. III. 


the STRENGTH and QUALITY of 


TIMBER. 


S the ſtrength and goodneſs of a building entirely 
depend on the well proportioning and uniting 
whole together, in ſuch a manner, as every part 
eof may be equally ſtrong ; and as we have in the. 
t ſection given tables of the thickneſs of walls which 
port earth, of any height, and according to any 
de, that may be uſed, as likewiſe ſhewn how to 
| the proper thickneſs of piers of vaults and arches 
ny form or opening ; it remains now to treat of 
different kinds of timber, and of their 22 

las of their ſtrength, in reſpect to the different po- 

dn in which they are made uſe of; eſpecially of thoſe 

ſt commonly employed ig. buildings; in order to 

er this work as uſeful as is poſſible, and thereby 

ble a young engineer to judge whether a building 

ay executed, is compleat in all its parts, or when 
11Jing is propoſed, to make all its parts in due pro- 

tion, in ſuch a manner as to be every where equally 

ng and good, and to avoid all needlefs expeaces 

ch is the point of greateſt perfection that can be at- 

ed in the art of building. | 
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Of the NaTure and QUALITY of TIMBER 


Of all the different kinds of timber known in Eura 
for building, oak is the beſt in all reſpects, becay 
when it is well ſeaſoned and dry, it is very tough au 
hard, it does not ſplit ſo eaſy as other timber, a 
bears a much greater weight than any other whatſoeve 
when it is uſed under cover, it never periſhes, no ma 
than in water; on the contrary, the older it grows, th 
harder it becomes; and when it is expoſed to the we 
ther, it exceeds all other timber whatſoever for durab 
neſs. 
© Fir timber is the next in degree of goodneſs k 
building, eſpecially in this country, where they but 
upon leaſes; for it laſts pretty long, when under cow; 
is very light, and is the cheapeſt timber that can þ 
bought. It differs from oak in that it wants not! 
much ſeaſoning, and therefore no great ſtock is n 
quired before-hand : whereas oak muſt be kept at le 
a twelve month, and the longer it is kept the betteti 
is; on the contrary, fir is much ſtronger while 6 
reſinous particles are not exilerated, than when iti 
very dry, as I have found by ſeveral experiments: It 
is uſed for flooring, above all other kind of wow 
for wainſcoting and the ornamental parts of buli 
ing within doors; it laſts likewiſe a great while und 
water; ſome pretend, that it never periſhes there, d 
more than oak. 

Elm is the next wood in uſe, eſpecially here andi 
France, where it is plenty ; becauſe it is very toughal 
pliable, it is eaſily worked, and does not eaſily pl 
it bears driving of bolts and nails into it better ths 
any other wood: for which reaſon, it is chiefly uk 
by .wheelwrights, and coachmakers, for ſhafts, nat 
fellows, and other ſuch like things, and is almoſt i 
only kind of wood uſed in artillery. * doc 


Bed 
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Beach is alſo very uſeful upon many accounts; it is 
ery tough and white when young, and of great ſtrength, 
but liable to warp very much when expoſed to the 
eather, and to be worm-eaten when uſed within 
Joors ; its greateſt uſe is to make planks of it, bed- 
teds, chairs, and other houfhold goods; and they uſe 
likewiſe abroad, for axletrees, fellows, and in other 
heelwrights works. 
Aſh is likewiſe a very good wood, but very ſcarce 
moſt parts of Europe, it ſerves in buildings, or for 
y other uſes where it is ſkreened from the weather; 
and-ſpikes and oars are chiefly made of it, and indeed 
is the only wood that is fit for this and any other 
ings which require to be tough and pliable. 
Wild cheſnut timber is by many efteemed to be as 
ood as oak, and ſeems to have been much uſed in old 
vildings; but whether theſe trees are not ſo common 
t preſent as they have been, or have been found nor 
d anſwer ſo well as was imagined, it is certain that this 
mber is quite out of uſe at preſent. W 
There are beſides many 1 kinds of woods, which 
e eſteemed uſeful. upon ſundry occaſions, ſuch as 
Ni and Virginia walnut, mahogony, cedar-wood, 
ble and box-wood, for turners and cabinet-makers 
orks; but as we intend to confine ourſelves to thoſe 
oods only which are uſed in building; ſo the fol- 
wing obſervations, ſhall extend no farther than to 
ole mentioned above. | 
Oak may be diftinguiſhed into three ſorts, viz. that 
aich grows on high gravelly ground, in thick 
reſts, and that which ſtands on the ſkirts of foreſts, 
hedges, or any where elſe, in damp or low ground, 
here the air has a free circulation, 
That which grows on high gravelly ground, is of a 
ddiſh colour, not much unlike that of red ſand; it is 
ry brittle, cuts very ſoft, rots ſoon, and is neither 
dod for building nor burning; for it never produces 
F 2 any 
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any flame no more than if it was rotten, for whit 
reaſon we ſhall ſay no more of it. 
That which grows in thick foreſts, where the x 
has no free circulation, is very tall and ſtrait, withay 
knots, ſplits eaſily, and has a very fine whitiſh gra 
it is therefore very good for building, and for a 
other carpenters work; it makes exceeding fine plank 
for all ſorts of cabinet works, its natural colour a 
grain being ſo beautiful as no other wood can ſcarcaff 
exceed; but as this wood is very tender and ſpl 
eaſily, it is not good for ſhip building, and thereſa 
never to be uſed therein but when no other is to! 
had. 
The third ſort, which grows in ſoft ground, and whe 
the air freely circulates, is very hard and tough; it 
never ſo tall nor ſo ſtrait and ſmooth as that in thig 
toreſts ; but is the beſt that can be uſed for build 
of ſhips; eſpecially if it ſtands in a wet . ſoil ; I ha 
ſcen ſome that grew in a damp meadow ground w 
was ſo tough as that the ſplinters would twiſt like rop 
without breaking; it I miſtake not, this is the rea 
that the Exgliþ oak is ſo much better for buildu 
ſhips than any other in Europe; becauſe the ſoil wh 
in it grows is generally damp, and low, and the | 
reſts are not ſo thick as they are elſewhere, by whi 
the air circulates freely; whereas that which con 
from Norway or other parts of Germany ſtands ve 
thick and in great foreſts, for which reaſon it is 
tender and ſo good for capenters and joiners work. 
Fir may likewiſe be diſtinguiſhed into three differt 
ſorts; the red, or yellow and the white, and a fort 0 
tween both. The red is by much the beſt and 
moſt durable; becauſe it is much more impregaa 
with reſin or turpentine, which fills its pores, and pi 
vents the water or dampneſs from entering, and therek 
is more able to withſtand the weather than the other: 
believe that this is the fort from which pitch and 
is extracted; this ſort is always uſed in works that! 
expot 
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xpoſed to the weather, and for ſtakes, to drive in the 
ound, but then it ſhould be burnt in the fire and 
icched over while warm, which will preſerve it much 
dnger ; it has likewiſe been obſerved, that it does not 
ecay under water; and it is the beſt for carpenters 
ork, | 
The white ſort is not ſo ſtrong nor ſo durable, but is 
ery good for the inſide. of a building ; ſuch as for 
Wooring, doors, wainſcoting, and other ſuch like works; 
colour and ſmoothneſs of grain makes it preferable 
pr that uſe to the red ſort; as to the third ſort, it par- 
kes of both qualities, is neither ſo ſtrong and du- 
ble as the red, nor ſo beautiful as the white; but 
ves well enough for all ſorts of timber in buildings 
here it is not expoſed to the weather. 

As to the elm or aſh, I cannot find more than one 
rt of each; yet it is likely that the different ſoils in 
hich it grows muſt make it either rougher, and ſtrong- 
, or brittle; as likewiſe that which grows in the open 
r muſt be ſtronger than -that which grows in thick 
reſts. For all timber and plants in general grow 
ronger in a free air, then where they are confined 
om it. 
Beach, which grows in thick foreſts, if ſofter and 
ore britle than that which grows in the free air; and 
very white and tough when young; therefore wheel- 
rights uſe no other than what is very young, and 
hat is no bigger than the ſcantlings require; eſpeci- 
ly when uſed for axletrees, but for fellows they ſplit 
into two only; but that which is ſawed into planks 
much larger, and yet not too old, otherwiſe its grain 
very coarſe and the wood becomes very brittle. 

The goodneſs of timber not only depends on the 
Ii] and ſituation in which it ſtands, but likewiſe on the 
aſon in which it is felled; in which architects diſa- 
Fe very much; ſome will have it felled as ſoon as ity 
ut is ripe, others in the ſpring, and many in autumn 
tne fall of the leaves: and there are ſome who pre- 
F 2. tend 
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tend that it ſhould be felled in the increaſe or full « 
the moon, imagining that all things increaſe in th 
ſame manner; but we ſhall leave theſe moon-bliy 
gentlemen to their own lunatic judgment, and give th 
moſt rational opinions concerning the propereſt ſeal 
in which timber ought to be cut. Since ſap, as well; 
any other moiſtneſs, is certainly the cauſe that timbe 
periſhes much ſooner than it otherwiſe would c 


which appears from timber expoſed to the weat 1 
not laſting ſo long as that which is under coy * 
as likewiſe that dry timber, when uſed, is more dun 00. 
ble than that which is freſh cut; this being the ci i 
it is manifeſt that timber ſhould be felled when then | 
the leaſt ſap in it; which is from the time that fi 
leaves begin to fall to the time that the trees begin er 
bud; that is from the middle of October to the midi he 
of March; the greateſt number of architects g ry 
with us, that this is the beſt ſeaſon for felling timbe Mou: 
The weather has likewiſe an influence over timb nd 
for if it be felled in damp and rainy weather, it will bat 
dry, and if it lies too long in this ſtate, the ſap 1 
moulder and cauſe the timber in time to rot: but if ay 
weather be dry and -fair, it is plain that the air the 


draw out the ſap and the timber will be more laſting Wicc: 
When timber is cut, the bark ſhould be taken 
and let lie for ſome time expoſed to the ſun and we 
ther, and afterwards cut into rough ſcantlings nearly 
the ſize they are intended to be uſed, and then laid 
in ſtakes under cover to ſecure them againſt wet 
ther and the heat of the ſun ; for the wet hinder Wor 
from drying, and the heat of the ſun ſplits it. 
oak ſeems to contain more ſap than any other v0 e is 
and therefore requires a longer time to dry; then 
way to make it toon fit for uſe, is, as ſoon as it 1s 
into ſcantlings, to throw it into water; this has it 
found by experience to draw out the ſap much ſoo 
than the weather; jor the outſide will in a ſhort f 
grow. as black as, ink, which is a certain proof, 
Sw "18 
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water draws out the ſap, in a ſnorter time than the air. 
As to the ſeaſoning of any other kind of timbers, I 
never heard of any other method, than to ſtake it up 
in piles, in ſuch a manner as that the air may freely 
pals between; and to cover it from the rain and the 
heat of the ſun. The time required for drying timber 
before it is uſed is very uncertain, ſome ſorts require 
much more than others : oak muſt be kept a great 
while; for the dryer it is, the harder and ſtronger it 
rows : this we find by experience: for oak of an old 


Wuilding, or of a ſhip, is ſo hard ſometimes, that tools 


ill ſcarcely cut it. 

Beach requires likewiſe a great- while drying; and 
fit is uſed before it is thoroughly ſeaſoned, it warps 
ery much; and it may be obſerved in general, that 
he heavier the wood is the longer time it requires to 
ry: it may be known whether any timber is dry and 
ound, by ſtriking with a hammer pretty hard at one 
nd, and if it ſounds clear and Gin, you are certain - 
hat it is both ſound and dry, 

Fir being a light wood requires leſs time to dry than 
ny other ſort; fir ſcantling for roofing or for any 
ther uſe within doors, ought to be half dry only; 
pecauſe it is then ſtrongeſt, as we have found by ſome 
xperiments, which ſhall be related hereafter ; but as 
o the boards for flooring and wainſcoting they ought 
o be thoroughly dry, otherwiſe they ſhrink and ſpoil 
he work. 8 
Timber ſhould likewiſe be cut when of a proper age; 
or when it is cither too young or too old, it will 
ot be ſo durable as when cut at a proper age. 
t is ſaid that oak ſhould not be cut under ſixty years 
Id, nor above two hundred; whether this is right or 
ot, it is very certain that all timbers ſhould be cut in 
heir prime and nearly when full grown, and before it 
egins to decay; and that will be ſooner. or later ac- 
ording to the dryneſs. or moiſtneſs of the ſoil in high 
grows: as alſo according to the bignaſs of the trees, 
F 4 and 
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treated the ſame ſubject; and made likewiſe ſever 
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and the kind of timber: there is therefore no certi 
rule to go by in felling of timber, but experience an 
judgment muſt direct hereas well as in many more caſes, 


Methods of computing the firength of Scantlings, 


Mr. Parent is the firſt that we know, who has trex: 
ed this ſubject in a ſcientific manner, and in order u 
enforce his demonſtratjons, he made ſeveral. exper 
ments, with various ſcantlings of oak and fir; 
which he found that the ſtrength of an oaken ſcantliy 
is to the ſtrength of a fir ſcantling of the ſame ſize; 
51s to 6: ſo that according to this experiment, i 
wood is ſtronger than oak; Mr. Belidor has after hid 


experiments with oaken ſcantlings, but as to the ei 
periment in reſpect to oak and fir, he took the foregs 
ing proportion for granted. The ſame opinion, th 
ft is ſtronger than oak, has prevailed here; tor, accord 
ing to Langley, there was an act of parliament mat 
after the great fire in London, to ſettle the dimenſion 
of ſcantlings; in which thoſe of oak are always large 
than thoſe of fir: But as this appeared to me contran 
to ſenſe and reaſon, I reſolved to try the experimen 
myfelf, and found exactly the contrary, as will be ſe 
hereafter. As Mr. Parent was a man of veracity ar 
character, we cannot imagine that he affirmed ma 
than what he really found; his oak muſt have ber 
weaker and the fir ſtronger, than any I have met wid 
which led him into this error. 


"PROBLEM 1, 
To determine the firength of a ſcantling whoſe di 
frons are given, Plate VI. Fig. 1. 
We ſuppoſe that all the fibres cf the wood are ſtri the 
and of the ſame ſtrength in its weakeſt part, that! 


where it breaks; for it is no matter how they are eM: 
whe! 


here; and that the fibres. are the ſame in the ſame 
W..: of wood ; altho' this is not ſtrictly true, yet it is 
nciently near enough in practice ſo as to cauſe no 
able error. 
Suppoſe the ſcantling A BC to be ſupported in the 
iddle D by the edge of a triangular block R, and 
o equal bodies, P, Q, to be ſuſpended at A and C, 
Wally diſtant from the middle B, of ſuch a weight as 
Wt to break the ſcantling. | 
l is evident that the weights P and Q will cauſe. 
e ſcantling to bend at firſt ſo as to make a kind of a 
rvilinear angle at B, and then to break in that place, 
a ſection BD perpendicular to either of the ſides 
C: now as the power or force of theſe weights is 
ore or leſs, according as they are ſuſpended farther 
om or nearer to the point fix D; theſe forces will 
erefore be in proportion to the products of the 
eights each multiplied by its reſpective diſtance from 
e ſection BD; or becauſe the weights and diſtances 
e here ſuppoſed equal, twice the product of one of 
te weights P multiplied by its diſtance, from the 
(tion BD, will expreſs the force of theſe two weights. 
Having determined the force of the weights, we are 
ow to determine the reſiſtance or ſtrength of the 
ood ; which is done in the following manner. Let 
cb repreſent the ſection of the ſcantling; it is evident 
t this area repreſents the ſum of all the fibres to be 
rn or broken, and as they are all equal and of the 
me ſtrength by ſuppoſition; this area will expreſs the 
m of the ſtrength of all. the fibres : but as the point 
), or the baſe ab of the ſection is fix; and the di- 
tions of the fibres perpendicular to the area @cb: 
e force or reſiſtance of each fibre is equal to the pro- 
ct of its ſtrength multiplied by its diſtance from the 
ile 46 : and therefore the ſum of all the fibres placed 
the ſame line df, parallel to the baſe a&, multiplied 
y their diſtance à d, from that baſe @6, will expreſs 


3 


at 5 * # 
eli eit memeazum or reſiſtance; What has been proved 
f | in 


9. 
1 
f 
| 
| 
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or that of the whole ſcantling. Conſequently, havingt 


force of the weight W, and ds, the ſtrength + 
2 1 
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in regard to all the fibres placed in the line 4% 
equally true of all thoſe placed in any other line pa 
lel to the baſe a 6: and therefore the ſum of all the 
products will expreſs the total ſtrength or reſiſtance oft 
wood: But by a noted property of the center of g 
vity, the product of the area a c 6, multiplied by 
diſtance of its center of gravity, from the baſe ab, 

expreſs the total ſtrength or reſiſtance of all the fibrs 


ſtrength of any ſcantling ot the ſame wood determine 
by experiment, thet of any other may be found, 
Fig. 2. If the ſcantling A C be ſupported at ba 
ends by the triangular blocks P, Q, and the wei 
W, hanging in the middle B : then it we ſuppoſe 


deir ſ 


weights P and Q in the laſt figure to repreſent i gra 
blocks P and Q in this; and as each block ſuppollil 3. 
half the weight W; it is evident that the weight lich 
multiplied by the diſtance A B or BC, will exprels Enter: 
momentum or force. We” 
| hoſe 

The ſame otherwiſe, ons f 


eir f 
N. 
antli 
„ C, 


Since the weight W, is ſuſpended in the middle! 
tween the point fix; it is evident that each block fy 
ports exactly half the weight; and as the power or fon 
of this weight on the blocks P, Q, is as the produd 


half the weight multiplied by the diſtance A B or bi” tl 

of its direction from the point fix: It follows that eng! 

whole force of this weight is as twice the produd eight 

half the weight W multiplied by AB or BC: fee 

the whole weight W, multiplied by the diſtance A on of 

or BC. | cal « 
ce 


"gs 


COR I. 8 
Hence, if the length A C of the ſcantling be! I 
the points fix A, C, be c; the area of the ſection 3 
the diſtance of its center of gravity, from the balt e we 


and the weight W, wo; then will Zz c expreſs! 4 
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antling : therefore the momentum of the weight is to 
e momentum of the ſcantling as + cw is to ds; or 
10111 a 245 
„ is to = or if this ratio be given ow —. 
From whence we may draw ſeveral uſeful conſe- 
ences, 1. The ſtrengths of two ſcantlings of the 
me wood, and of different dimenſions, or, which is 
e fame, the weights they will bear, are to each other 
the products of their ſeftions multiplied by the di- 
ces of the centers of gravity, from the baſe, divided 
their lengths, 
2. The ſtrengths of two ſcantlings of the ſame wood, 
hich have the ſame length; are as the products of 
teir ſections multiplied by the diſtances of their centers 
gravity from the baſe. 
3. The ſtrengths of two ſcantlings of the ſame wood 
hich have equal ſections, are as the diſtances of their 
nters of gravity, divided by their lengths. | 
4. The ſtrength of ſcantlings of the ſame wood, 
hoſe diſtances of their centers of gravity of their ſec- 
ons from the baſe are equal, will be to each other as 
eir ſections divided by their lengths. 
N. B. We have taken no notice of the parts of the 
antlings at each end, which are beyond the points 
C, and which ſerve to ſupport them on the blocks 
br they cauſe no difference in reſpe&t to their 
t rength: the ſame thing may be faid in reſpect to the 
ſeights of the ſcantlings, which are ſo ſmall in pro- 
ortion to the weights they bear, that there is no occa- 
on of conſidering them ; becauſe there is no geome- 
ical exactneſs required, nor can be attained in prac- 
ce, It may alſo be obſerved, that when the weight 
ngs between the point fix; the baſe to which the 
Wh fance of the center of gravity is referred, is the up- 
ion er ſurface A C ſince it muſt open and break firſt at 
e lower D; whereas when the point fix is between 
ee weight, as in the firſt figure, it is the lower ſur- 


ce. 
COR. II. 
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Fig. 2. If the ſection of the ſcantling AC be: 
rectangle placed flat on one of its ſides, which we cal 
b, and its height or other fide @; then will a6, ex 
preſs the area of the ſection; and the diſtance d of iu 
center of gravity from the upper baſe, will be 24 
therefore the equality found in the firſt corollary, 
W = —. becomes here 1 === Which ſhewy 
that the ſtrength of a reffangular ſcantling laying flat n 
one of its ſides; is as the product of the ſquare of it 
height multiplied by its baſe, and divided by its length. 

Hence a deal board of an inch thick and ten inche 
broad, being placed on its flat ſide, and then on it 
narrow ſide; the force in the firſt caſe will be to the 
force in the ſecond, as unity is to 10. For the for 
in the firſt caſe will be as 10 multiplied by the ſquar 
of unity; and in the ſecond as unity multiplied by the 
ſquare of 10; that is, as 10 is to 100 ; or as unity to 
10. So that if it bears 30 pounds when it lies flat, it 
will bear 500 when it lies on the narrow ſide. 

This ſhews the reaſon that all timbers in building 
are always placed on the ſmalleſt ſide ; becauſe they 
will by this means bear a greater weight, than if the 
were placed otherwiſe; and therefore ſave a good dei 
of timber; and this in proportion as they are mad 
higher. 


EAAMPELE. 


We may from hence likewiſe find, whether the pro 
portions of ſcantlings commonly given by carpenter 
are right according to their length; for which we ſhal 
chooſe the dimenſions of fir-girders as appointed by 
act of parliament, after the great fire cf London; whit 
are as follows. | | 


No# 


Now if we ſuppoſe, that the di- 
enſions of any one of theſe ſcant- 
ings be right, as for example that 
f 10 feet long; then we may find 
hoſe of any other, whole length is 
giren, in this manner. Since theſe 
cantlings ought to bear the ſame 
eight or to be equally ſtrong; the 
toduct of the ſquare 100 of the 
eight multiplied by the baſe 8, 
ives 800, which being divided by 
he length 10 feet or 120 inches, 
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Lengrh [Breadrb/Helghty 


10| 8 | 10 


—ůĩ — 


128.5 | 10 


—— 


149 [10.5 
16 | 9.5 10.5 
18 | 10 | 11 


20 | 11 | 12 


22 12 13 
24 | 12 | 14 


Tus es * which expreſſes the ſtrength of the given 
. cantling, and therefore myſt be equal to the dimen- 
che aab | 


ions of any other; —= * 


1003 
144 


Now if we ſuppoſed the length c to be 12 feet or 
144 inches, and the height a, 10 inches; then by ſub- 
ſiruting theſe values into the laſt equality, it becomes 


=; and if 20 be multiplied by 144, and 3 
y Ico; the former product divided by the latter 


* gives 9.6 inches for the baſe 5, of the ſcantling; which 
* $ 1.1 inches more than that above. of 

—* ln the ſame manner may be found the dimenſions of 
Fl ll the other ſcantlings, whoſe lengths and heights are 


The breadths of the ſame ſcant- 
ings being compared, it appears 
aat thoſe whoſe lengths are 10, 12, 
4, 16, 18, 20, are too little in 
be former table, and thoſe of 22 
and 24 feet long, are too great: 


wal auch ſnews that practice alone is 
11 ot ſufficient to determine the pro- 
| 


er ſize of ſcantlings; and that 
vithout the application of mathema- 
ical principles, no great improve- 
ent can be expected in any me- 


be ſame, which gives the following table. 


10| 8 | 10. 
I2 [9.6 | 19 
F247 10. 110.8 
16 [11.6 10.5 
15 [11.9] 11 
20 ſir | 12. 
"22 | 9 13 
2498 114 


chanical 
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long, from one end to the other, and half an ind 
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chanical art whatſoever ; notwithſtanding what ig 


rant workmen would inſinuate. 

As to the dimenſions of oaken ſcantlings givenh 
workmen, we ſhall not compare them, till we hay 
given the following experiments, we made with gre 
accuracy, and upon which the reader may depend. 


EXPERIMENT I. 
The ſticks uſed in this experiment were 24.5 inche 


ſquare z they were laid on two truſſes well ſquared, at 
ſtood at 20 inches diſtant from each other; ſo that it 
length of the ſticks is to be conſidered to be no mc 
than 20 inches; the remaining part ſerved only to n 
upon; the weight was ſuſpended in the middle with 
ſtring, and being ſuch as juſt to break the ſticks, 1 
are as marked underneath, m 


Two dry oaken ſticks 1 5 4 lb. 


nt] 
A dry fir ſtick 46. rtio 
A dry elm ſtick 31 nt, 


The firſt oaken ſtick ſeems to have been thoroug 
dry; I had it from the dock, and likely was taken of 
of an old ſhip; the ſecond I had out of the warren 
dry as could be had; the grain of the wood was ftri 
in both; but that of the firſt was finer than that of tle 
ſecond, and of a deeper colour; which, it I am 1 
miſtaken, denotes, that the tree was in its prime wit 
felled. 

The fir ſtick did not bend fo much before it brot 
as the oak; it was of the reddiſh kind, and the ſtrong 
that could be found: As to the elm it bent ven 
much before it broke; and as this laſt is ſo weak, 
did not think proper to try any more of it in the ia 
lowing experiments, 
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EXPERIMENT IL 


Two oaken ſticks cut out of an old axletree f 2 
An oaken ſtick cut out of a ſpoke of a wheel 56.5 
| 6 


Three fir ſticks out of the ſame piece 2 36 


A fir ſtick of an equal ſeftion, whoſe baſe } 

d height were as 2 to 3 | 12.5. 
The oaken ſticks in this experiment had a coarſer 
ain than thoſe in the former, and ſeem to have been 
an older tree; as to the fir ſticks no difference could 
perceived, either in the grain, colour, or any thing 
Wc, from the former. 

By theſe experiments it plainly appears, that oak is 
onger than fir, contrary to thoſe made by Mr, Parent, 
d common practice: for the weakeſt oak is ſtronger 
in the ſtrongeſt fir in the firſt experiment: in pro- 
rtion as 25 to 23: But thoſe in the ſecond experi- 
nt, make a much greater difference, viz. as 54 to 
; or as 3 to 2: And if the ſtrongeſt oaken ſtick in 
2 firſt experiment be compared to the ſtrongeſt fir; 
proportion will be as 69 to 46; or as 23 to 15+; 
as 3 to 2; that is the ſame as before; which is 
ry Vs and therefore deſerves to be taken 
tice of, 

As the ſtrength of the ſame kind of wood vaties 
much, it is impoſſible ever to come to an exact 
owledge of the juſt proportion between the ſtrengths 
oak and fir; but we are certain that oak is the 
ngeſt of the two. 

As the leaſt proportion we have found, that 25 to 
is very nearly equal to that of g to 8; ſo that by 
King the oak ſcantling leſs in that proportion, there 
| be no danger of their being too ſmall, only it muſt 
noted, that oak ought to have been cut a twelve- 
nth before it is uſed, as we have obſerved before, 
whereas 


080 


— — — 8 
— 
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whereas fir does not require above ſix months ſeaſe 
ing. c 

Ga the laſt fir ſtick had the ſame length, and 
equal ſection with the others, It is plain that its ſtrenzy 
is to that of one of the others, as the height of the jr 
is to the height of the ſecond, by what has been proy 
before : and if x be the height of the laſt ſtick, the 


2XX 


will 77 be its baſe, and "7: Sas, or becauſe 2a 


2XX 
þ are each 2 or .5: we have —=.25; or &x 


375; whoſe ſquare root gives x =.611, or. 6 neath 
that is the ſtrength of the laſt ſtick is to that of any d 
the former as 6 is to g: Now if we ſay as 6 is to 5, h 
is the weight 42.5, this ſtick bore to the weight 35, 
nearly, whereas it bore a weight of 36 pounds; th 
difference is inconſiderable, conſidering that the weig 
cannot be ſo nicely obſerved, to come within 2 or 
ounces; and beſides, the ſticks were not ſo exact 
of the given dimenſions, as that no difference mig 
ariſe from thence. So that this experiment, conſider 
ing ſo ſmall a difference, anſwered the theory prety 
nearly. | 
Having determined the proportion between tz 
ſtrength of oak and fir ſcantlings, it remains now u 
determine the dimenſions of oak girders, from thoſed 
fir; in which we ſuppoſe that a ſcantling of fir, being 
10 feet in length, 8 inches in breadth, and « 
high, is ſufficiently ſtrong, and from thence all tis 
ſucceeding ones both of fir and oak have been dete 


mined. 


TABLE 
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TABLE I. Containing the dimenſions of girders. 


The lengths are expreſſed in feet, aud the breadths 
and heights in inches. _ rome I 


FIR. © 9 

[Length Breadtb[Height gth|Breadth| Height 
liol 8 [bh 10 

12 | 8 | 34 | 12 

14 | 9 ſir, 14 

16] 9 .. 16 
18 10 12 18 

20 | 10 12.60 20 

22 | 11 | 12. 22 

24 | 11. = . | 26" 


43-25 5s z | 
5 For, according to the equality w = —. above, 
Ide. g . | t | 
ret c= 10 feet. or 120 inches, a=10, b=8; 
* . | aab p 

en vil w= 7; and Yn——y now if c = 12 
W to 
ole 0 
being 
1 
I th 
[eter 


et or 144 inches, 5 2 8; then will 2* =—, or 


2 120, whoſe ſquare root is 11 nearly, for the 

quare of 11 is 121. In the ſame manner are found 

| the fir ſcantlings: And if we reduce , in the pro- 

rtion as 9 to 8; we ſhall have r 5 the ſtrength 
aa 


{ oaken ſcantlings : that is 'f* = _— 
Hence if c = 10 feet, 5 = 7; then will v = — 


4 101, whoſe ſhuare root is 10 nearly; which 
the ſame as in the table; the reſt of the oaken ſcant- 
gs are found in the ſame manner. 


G TABLE 
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joiſts common and trimming. 


— or aa 68.8; whoſe ſquare root is 7.6, nearly. 


TABLE II. Containing the dimenſions of b 


Common. Trimming. 
BB. 1 In 1 

8 |2.5 |8.2 6 3 | 7.6 
DUE LEDE 7 | 3-5 | 7-6 

io | 3 | 8.4 8 | 4 [| 7.6 
11 | 3.5 | 8.1 9 14-5 | 7-6 
BEAELEM 01 5 | 7-6 


The dimenſions of the firſt ſcantling in each table 
are ſuppoſed to be of a ſufficient ſtrength, and the rel 
are from thence determined. For if c = feet or1: 


inches, 5 =2, and a=8; then will == 


and if 4 8 feet, 5 2 2.5; then will = = 
or aa = 68.26, whoſe ſquare root is 8.2 ; the ſamea 
above. 


But if we ſuppoſe that c e g feet, þ = 3, anda = 


then will $2 == , by which the ſecond table is c i 8 


ſtructed. For if c=6 feet, 5 = z; then will 3 
344 
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e ABLE m. Containing the dimenſions of fir 
rridging Joitts, 1 77 Fd nm 
In ſmall Buildings, In large Buildings. 
6 Tal 31 [BI 
— 2 = 
8 [2-5 16-9 8 | 
9] 3 156 — 
10 3 6 10 
DDr 
able | 12 3 9.5 I2 3-5 2 


If we ſuppoſe that c == 6 feet, $==2:5, 4.= 5; then will 
11 . —5 by which the ſecond table is conſtructed, 


c 

difc=6 feet, b== 3, 4 = 5.4, then will 2 = 
2 by which the ſecond table is conſtructed. It 
ay be obſerved that carpenters always allow larger 
antlings in large buildings than in ſmall ones, and 
ey muſt be ſtronger, than barely to ſupport the 
eight they are to ſuſtain. 
N. B. The reader will find the ſeveral names of the 
bers mentioned in theſe tables explained in the latter 
rt of this work, where we treat of timber frames 
« roohngs. 


635 an 


TABLE IV. Containing the dimenſions of tie beam 


. Oak. 7 
[Length — |  (Erngh [Breadil ight | 5 
2 12 5 [8.2 
EEE - ſafe or ; 
[20] 7 [95] ſzoſ6 197] 
. 3 22 hoe eee » 
| | 2 8 [10.5 287 10.6] n 
| 3248 11.3 32 | 7 11.3 d 
| a6| 8 ſizſ [367 jun > 
| LEA ran 5 
44 | 9 112.3] 44 \ 8 [12.6] nl 
| By following the ſame method as before, we ſu T 
find 3 = = for the equation by which the fit 
| table is e and 3. = nearly, for thath 
0 which the ſecond is conſtructed. 
TABLE V. Containing the dimenſions of tix 
principal rafters. 
| Of Fir. Of Oak. 
1 | [Tength [Breadth|Height (Length \Breadth Height 
| 84 [55] juB[3 [6:3 
20 | 4 [6.1 20 | 4 | 5-7 
| 22 | 4 |6.4 224 [6 
8 24.38 24 | 4 | 0-3 
1 26] 5 6.2 26 | 4 | 6.5 
5 6.4 28 | 4 | 6.8 
5 | 6.7 30| 4 | 7 | 
. 
BB — 118 f arc 
122 _36 | 5 [09 t as 
x MER 7 
r 14045 [7:3 
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Authors give various dimenſtons to the principal 
ters; Mr. Smith gives one fort, Mr. Price an- 
er, and Mr. Langley will have them to be ſtronger 
te bottom than above; but, his is not followed by 
Wy workmen, as I am told; beſides. Mr. Price ſays, 
t they ſhould be ſtronger in large buildings than in 
all ones, although of the ſame length; I ſee no rea- 
Wn for any ſuch practice; their ſtrength ought rather 
be in proportion to the weight of the covering, and 
the diſtances they are from each other: as au- 
ors do not agree in regard to the ſtrength of rafters, 
have choſe a medium between them, for the di- 
nſions of the firſt ſcantling of each table. 


TABLE VI. Containing the dimenſions of 
all rafters. 10 YI -N . 21 { 3 


ath | of Fe.” .. OR. - 
— Height Length Breadth Height; 
4 9 [2.3 [47 9 |2.3 | 4.6 
10 2.4 4.9 to 2.34.7 
112.5] 5 11.2.4 | 4-8 
12 [2.6 | 5.2. 12 | 2.5.]. 5 
13 |2-7 | 5:4 13 | 2.6 | 5-2 
14 |2.8 | 5.5 14 | 2.6 (5.3 
j_i5 [28 | 5-6 1215 [2-71.54 
w0j29ls8j .:ji6[ab} 55 
. 1 _17 | 2-8 |5-0 
183 | 6 18 | 2.9 | 5.8 
. 41 rol 
93 [e. 19 3. | 5.8 
20 | 3.1 16.2 20 | 3 A 7 


Theſe are the tables commonly given by carpenters 
d architects, concerning the dimenſions of ſcantlings ; 
t as their exactneſs depend on the dimenſions taken 
of other authors, of the firſt ſcantling of each ta- 
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ble, ſo that if they are not right, all the reſt are like 
wiſe falſe; but as we always took the ſhorteſt, whid 
are the likelieft to have been uſed, and found to beg 
a ſufficient ſtrength, it is preſumed that the other ſear. 
lings given here are all ſtrong enough; and perhaps ma 
ſo than they need to be. | Mat &. 


__EXAMPLE II. 


Fig. 5. Let a rectangular ſcantling be placed edg 
ways, ſo that BD be the diagonal, and let the fide 
ſtill be repreſented by a, and 3; then will 4: 
3+ V + bb; and therefore the equation w == —. de 


a bd 


gonal BD is greater than any one of the fides; th 
ſcantling will bear a greater weight in this poſitio, 
than if it were placed flat on one of the ſides: But: 
wood will yield at the point B, by the force of ti 
weight ſuſpended there; the ſtrength will be found ſom 
thing leſs than is expreſſed by this equation. 


EXAMPLE MW 1 
Let the ſection of the ſcantling be a cirele, what 
diameter is a, and area 5s; then will w == betk 


c 
equation, which ſhews that the force of a cylindn 
ſcantling, is expreſſed by the area of its ſection mul 
plied by its diameter, and divided by its length; 1 
therefore is to the force of a ſcantling whoſe Tegtion! 
the circumſcribed fquare ; as the area of the circle i 
that of the circumſcribed ſquare. 

It is alſo manifeſt, that the ſtrength of a triangu 
ſcantling, when laid flat on the baſe, is double it 
ſtrength when the edge is undermoſt, ſo as the baſes 
parallel to the horizon. For the diſtance of the cent*Wrob 
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* 

— ee gravity from the baſe is half the diſtance of chat 

enter from the vertex. | * 
— PROBLEM Il. 

man 


To find the weight a ſcantling A C will bear, when 
it is ſuſpended any where between the points A 
and C. Fig. 3. 172 Oo 


Since the block P, which is neareſt to the point of 
uſpenſion B, ſupports a greater part of the weight 
an the block Q which is fartheſt from it; we are 
o find the parts of the weight which each bears, in 
der to ſolve the problem. By the known rules of 
echanics, the whole length -A C of the ſcantling 
to any part A B or BC, as the whole weight W, is 
o the part ſupported by the block Q or P. If there- 
ore we call AB, n, BC, , and the reſt as before; 


e have c: 1 * 0 2 2 to the part ſupported by 
e block P; and em. — = to the part ſup- 
ported by the block 2 theſe weights being 
ultiplied by their reſpective diſtances A B, B C, give 
mY 1 m to ; | Ts 
. » for their momentums, and the ſum 
mn — 


muſt be equal to the ſtrength 4s of the wood 


1 

ry problem the firſt, which gives — =ds, ot 

2 £45 1 f Sg 

nl 3 for the weight required. 22 
If we ſuppoſe the weight to be ſuſpended in the 

agu nddle, then will an = 4c; and the laſt equation 

* comes 90 = 25 ; which is the ſame as in the farſt 

roblem, 
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If the ſcantling A C is rectangular, and its baſe be 
b, altitude 2; then will ab = s, and d; a; theb 
values being inſtituted into the equality above, gine 
8497 -. 3 
4m 


Since, when the weight is ſuſpended in the middl. 


we have w = , it is evident, that the ſtrength d 


the ſcantling when the weight is ſuſpended in the middl;, 
is to the ſtrength of the ſame ſcantling, when th 
weight is ſuſpended nearer to one end than the other, 
as"44um is to cc: Conſequently the weight any ſcant 


ling will bear when ſuſpended in the middle being 


known; the weight which that ſcantling would ſupponz 
any diſtance from either end, may be found by the 
laſt proportion. | | 


EXAMPLE... 


Let AC be 20 inches, and the ſection half an inch 
ſquare ; ſuppoſe the ſcantling to be of fir, ſuch as we 
uſed in the ſecond experiment, which bore 36 pounds 
and let A B be 5 inches; then will B C be 15 ; whence 
4m = zoo, and cc = 400; therefore 300: 400: 
36 : 48 = to the weight the ſame ſcantling would 
bear being ſuſpended at the diſtance of 5 inches from 
either end. 

This ſhews, that in buildings, it ſhou!d be avoided 
as much as poſſible, to place the weight in the middle 
of a beam, ſuch as king-poſts are in roofs ; and ther 
fore it is more advantageous to uſe prick-poſts inſteu 
of king-poſts; this is likewiſe what carpenters dot 
moſt buildings where there is no partition wall to ſup 
port the beam in the middle. 

Fig. 4. It may likewiſe be obſerved, that a ſcant 
ling A C of the ſame ſtrength with the former, vil 
bear two weights W, W, each of 48 pounds, when 
their diſtances AE, FC from the ends are 5 * 


j 
le be 
thek 
gives 
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his a s plain from the foregoing example, be- 
roſe Feele weights will cauſe the ſcantling to break 


two places. 4 | 
Mr. Parent is the firſt we know, that has ſhewn how 


o cut the ſtrongeſt ſcantling poſſible, out of a given 
tee: As this may be uſeful in practice, becauſe timber 
erchants are ſenſible that the ſquare is the greateſt 
gure that can be inſcribed in a given circle, and for 
hich reaſon they chuſe to make all their timbers ſquare, 
being moſt advantageous to them; we ſhall inſert 


he following 


PROBLEM in. 


t AFBE, be the circumference of a tree out of 
which it is propoſed to cut the ſtrongeſt rectangu- 
lar ſcantling that is poſſible. Fig. 8. 


Draw the diameter D G, at right angles to the paral- 


| des AE, BF, interſecting A E in P; then be- 

wſe the ſtrength of the ſcantling is expreſſed by AE. 
AEx AF, as has been proved in the firſt problem; 

ut by the property of the circle, we have A F 
DPxXPG, and AF=2CP; therefore the ſtrength 
f the ſcantling will likewiſe be expreſſed by 8DP x 
'GxCP; now becauſe this expreſſion is the greateſt 
all poſſible, when the ſquare of CP is one third of 
e ſquare of CD, by article 550 of our Elements of 

atbematics;, or which is the ſame, when the ſquare 
the baſe A F is one half of the ſquare of the altitude 
LE: For becauſe the ſum of the ſquares of CP and 
A, is equal to the ſquare of the radius CD, by the 

roperty of the circle : and therefore if the ſquare of 
P is one third; the ſquare of P A will be the two 

ids of that ſquare, and conſequently, the ſquare of 

LP muſt be double the ſquare of C P or the ſquare: 
AE double the ſquare of A F. | 
CON. 
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CONSTRUCTION, 


Fig. 7. Divide the diameter A B of the tree in 
three equal parts at C and D; and from the point 
and D of diviſion, draw D E perpendicular abo 
and CF, below the diameter; then if the points d 
interſections E, F, of theſe lines and the circunh, 
rence, are joined to the extremities A, B of the diam 
ter; the rectangle AE B F, will be the greateſt ca 
can be inſcribed in that circle. 31 
For becauſe A D is two thirds, and D B one thi 
of the diameter A B by conſtruction, the ſquared 
DE, will be two ninths, and the ſquare of AD fu 
ninths of the ſquare of the. diameter; therefore it 
ſquare of AD is double the ſquare of D E; and by tt 
fimilarity of the triangles ADE, AEB; the ſqun 
of AE is double the ſquare of EB. 
It has been obſerved a great while, that when ti 
baſe of a ſcantling is to its height as 5 to 7; thatt 
was nearly the ſtrongeſt of all the ſcantlings what 
ſections are equal, and are inſcribed in a circle; 1 
becauſe the ſquar2 of 5 is 25, and that of 7 is 49 Ut 
former being nearly half the latter, exceeding by anui 
only; this obſervation perfectly agrees with what 
been proved in the laſt problem. 


PROBLEM IV. 


If a ſcantling be ſupported at the ends by 
Blocks P, Q,, not placed in the ſame horizon 
line, and the weight ſuſpended in the middle, rm 
find the ftrength of this ſcantling. Fig. 9. 


From the point C in the vertical line, pay” 
through the edge of the higheſt block Q, draw CI 
parallel to the horizon, meeting the direction of l 


weight in L, and the vertical line drawn through i 
ech 
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ge of the lower block P in E; then becauſe it has 
deen proved in the firſt problem, that the weight W. 


m ulciplied by the diſtance of its direction from one of 
ee points fix, expreſſes the momentum or force of that 
xn eight: that is WX CL. expreſſes the momentum : 
ts d ut the force of the wood has likewiſe been proved to 


as the product of the ſection multiplied by the di- 
W ance of its center of gravity from the point B. There- 
Nee if we call CE, , and the reſt as before; we ſhall 
ave 2 1 =ds, by what has been proved before, 


rn iS 
onſequently w] ” % 


Hence, becauſe we have w = 209 , when the ſcant- 


120 21. C 

ng lies horizontally, and c expreſſes its length: the 
rengths of the ſcantling in theſe different poſitions, 
e to cach other reciprocally as the diſtances of the di- 
tions of the weight from one of the points fix; 
t is the ſtrength of the ſcantling in this oblique po- 
tion is to its ſtrength in a horizontal poſition, as C B 
to CL; or as the radius is to the coſine of the in- 
ination LCB. 

For example, if the ſcantling A C bears a weight of 
6 pounds, when placed horizontally ; to find what 
eight it will bear when it makes an angle of 15 de- 
rees ; then becauſe the coſine 9659 of that angle is to 
e radius 10000, as the weight 36 is to a fourth term, 
hich gives 37.2 pounds nearly. 

But if the angle of inclination is 60 degrees; then 
cauſe the coſine of this angle is to the radius as 5 is to 
o; the ſcantling will ſupport a weight 72 double the 
drmer. Whence it is plain, that as the angle of incli- 
ation increaſes, ſo the ſtrength of the ſcantling in- 
reaſes likewiſe : and when that angle becomes a right 
ne, or the ſcantling becomes upright, its ſtreagth-is 
t to be expreſſed. But becauſe the fibres of wood 
e not always ſtrait, and give way when preſſed very 
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of any building, and thereby ſave unneceſſary e 


that when E F, is the baſe of an iſoſceles triangle AEF, 
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hard, it is very poſſible to preſs an upright ſcantliy 
fo as to give way and break. Bur 

This problem is uſeful in finding the reſpectin 
ſtrengths of ſcantlings which are joined together, wit 
different angles of inclinations ; ſuch as'in the roofing 


nces. 

" Tie Io. It is. not ſufficient that the ſtrength d 
ſcantlings may be found, there are likewiſe ſome pol. 
tions that are more advantageous. than others, which 
ought likewiſe to be known. For inſtance, let ABC he 
the pitch of a roof, and a ſtrut E F, is to be placed b 
as to ſupport the rafter A B in the beſt manner: Ig 


or, which is the ſame, when it makes equal angles with 
the tie-beam A C, and the rafter A B, it is in its moſt 
advantageous poſition ; for the ſtrength of this piece s 
proportional to the diſtance of its direction from the 
point fix A; but the perpendicular drawn from the 
point A to the baſe E F is the greateſt of all when tte 
triangle is iſoſceles: Conſequently, this is the beſt po 
ſition that the piece can have. K 235.9 

But if the ſtrength of the tie-beam AC, is to be 
conſidered, and there is no party wall to ſupport it u 
the middle, the caſe is otherwiſe; for in that caſe the 
piece mult be upright as G H; becauſe the nearer the 
point G approaches the point fix C, the leſs ftreogtt 
is required to ſupport the piece G H. Hence iti 
manifeſt, that a ſcantling may be moſt advantageouſſ 
placed in reſpect to its own ſtrength, but not in rega 
to other ſcantlings to which it is joined: And conſe 
quently, in the framing of timbers for a building, na 
only regard muſt be had to the ſtrength of the ſcantling 
themſelves but likewiſe to thoſe to which they ar 
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PROBLEM V. 


0 find the flrength of the principal rafters A B, 
BC, ſ% as to be proportional to that of the tie- 
beam AC. Fig. 10, 


E Let the baſe of the rafters be x, and their height 

ol x, that is double the baſe as they commonly are 

ich ade: Let the baſe of the tie-beam A C be 5, its 
7 titude a, and half its length A D, ; then the ö 
11 ength of the rafter will be expreſſed by 5 by the | 
11 | 
Fit problem; and that of the tie beam by _ by the 
nol 4% 446 A | 
= problem; therefore _— _— by ſuppoſition, | 
* naa]; whence the cube root will be 2 * = 
the aab. 

— Hence becauſe the length A B of the rafters does g 


dt enter into the equation; it is evident, that what - | 
* cube root of the baſe of the tie- 


oel er the pitch is, 
uam multiplied by the ſquare of its height, will al- 
- the Wes give the height of the rafter. For example, a 


- the tie- beam of 12 feet long, is made 6 inches by 8, 
not eording to the tables given before; then becauſe 
irs 8, 5 = 6; we get 4464 = 384, whoſe cube root 
ouſly Wi 7-2 inches nearly; for the height of the rafters, and | 
gn nce we get 3.6 inches for the baſe. | 
one If the beam A C be 24 feet long; then the baſe is | 
| no. 22d height 10.4, according to the foregoing tables: | 
ling hence þ = 7, a= 10.4 ; and hence aab= 757.12, | 
7 an hoſe cube root gives 9.1 inches nearly, for the height, | 


d 4.5 for the baſe of the rafters. 

In the true pitch of a roof the principal rafters are 

e three fourths of the tie · beam, which being here | 

poſed to be 24 feet long; and therefore the * | 
2 0 | 
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which bearing a part of the roof, ſtrengthens 
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of the principal rafters, will be 18; and according y 
the fifth table, their baſe is 4 and height 5.5 ; which d 
menſions are therefore in no proportion to that of th 
tie beams. But then it muſt be conſidered, that'th 
rafters are always ſupported by ſtruts or upright 


and weakens the tie-beam. 

Theſe are nearly all the different problems we coul 
chink of, that may be uſeful in framing of timbe 
works; which the reader ought to be well acquaint 
with, if he deſigns to make any progreſs in the art d 
building, for what is found in moſt authors on arch 
tecture, relates chiefly to practice, which alone is ng 
ſufficient to make any improvements; and it is u 
wonder, that for ſo many ages as architecture has ben 
cultivated, there has been ſo little progreſs mid, 
fince very few had any knowledge of thoſe d 
the mathematics, which are neceſſary to be kno, 
and therefore I adviſe the reader to make himſelf maſt 
of, before he enters upon the practice. 

The theory of timber given here is of very great i 
both in civil and military architecture, ſince we at 
taught thereby not only how to find the proper ſtzengi 
of ſcantlings in reſpect to their length, when | 
in an horizontal poſition, but likewiſe when frame 
together, according to any angle of inclination, wid 
practice alone could never have determined, to any de 
gree of exactneſs: the entering into all the differea 
applications that may happen in practice, would requit 
more room than can be allowed in ſo ſmall a tracts 
this; for which reaſon, we ſhall give as much of i 
hereafter, as will be ſufficient to young engineers, is 
whom this work has been publiſhed, 
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ontaining the Knowledge of the Mate- 
rials, their Properties, Qualities,” and 
Manner of uſing them. cr 


5 E FOR E we enter into the manner of build- 
8 ing the ſeveral works of a fortreſs, it is neceſſa- 
$ ry to be particularly acquainted with the ſeveral 
aterials of which they are compoſed, in order to diſ- 
guiſn their good and bad qualities, how to prepare 
dd uſe them, in the beſt manner, that the works may 
durable and laſting ; which ought in all ſuch great 
dertakings be the principal view of an engineer, who 
anſwerable for its ſucceſs or miſcarriage ; this he is 
no means able to perform without having a thorough 
owledge of all the materials of which it is compoſed : 
t as theſe materials differ in their qualities in diffe- 
t parts of the country, where they are to be uſed; we 


Aha all explain firſt their general properties, and after- 
j de ards in what they differ in different places. | 


SECT. LE 


the QUatitYof STONES ſuch as are 
uſed in BUILDINGS. 


TONES may be diſtinguiſhed into two ſorts, 
J that is into hard and ſoft; the hard ſtone, is that 
ich is expoſed to the open air, ſuch as rocks, and 
ole which lic looſe upon the ſurface of the earth, and 
4 In 
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orkmen, that there is a ſap in ſtones as well as in 
ber, by which the ſame. ſort of ſtone and taken out 
the fame quarry, if dug at one ſeaſon, will moulder 
ayin a very few winters; whereas if they are dug 
another ſeaſon, it will refiſt the weather for a great 
any years, not to ſay ages: but as he does not men- 
n what ſeaſon is beſt, nor gives any reaſon for what he 
vances; no rule can be gathered from what he ſays : 
may ſay thus much, that they ſhould always be dug 
the ſpring, ſo as they may have time to dry before 
cold weather comes in: for the heat of the ſun will 
rat the greateſt part of the moiſture which otherwiſe 
ends in troſty weather, cauſes the ſtone to ſplinter, as 
as been obſerved to do; altho' the ſtone is otherwiſe 
d and good, | | S411 
The ſame author ſays likewiſe, that ſome ſort of 
es will decay in a few years; and others will not at- 
their full hardneſs in thirty or forty years, nay even 
much longer time; and beſides that there are quar- 
in ſome places of ſolid and uſeful ſtones, that, though 
ng dug at a certain ſeaſon of the year, prove good 
| laſting, yet when employed in a wrong time, moul- 
away, and periſh in a few years. That there appears 
minal ſpirit, if I may call it ſo, in ſtone, is very pro- 
le; but what effect it has upon the ſtone when ſe- 
ated from its ſtock is very uncertain, and therefore 
= be known but by a ſtrict inquiry of a long courſe 
practice. . 
he manner of drawing the ſtones out of quarries, 
uires particular notice to be taken: for almoſt all 
es lie in horizontal beds or ſtratas; that is, they 
ve in that direction; and they have likewiſe a break- 
one, which is perpendicular to the former, both 
h directions muſt be obſerved. The method of 
ing ſtones out of quarries is thus: having uncoped 
nat is, having removed the earth from the ſtone, it 
be obſerved where it will cleave, and there 
in a good many wedges gradually together, till 
=; it 
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it is looſened from the rock, which being done, ya 
next proceed to break it, which isperformed in this man 
ner; you mark the breadth of the ſtone with a ruler, and 
then cut a ſmall chanel in which a number of wedge 
are drove, from four to ſix inches diſtant from ead 
other, ſlowly and all together, leſt the ſtone ſhoull 
break acroſs and not according to the mark; but i 
may be obſerved, that this method is not always to h 
uſed, becauſe all the parts of a ſtone are not always of a 
equal hardneſs, but in ſome places it may be hard and i 
others ſoft, which is perceived in the cutting the chanel 
and thoſe wedges which are in the ſofter parts, are drow 
deeper than the other, in ſuch a manner that all the 
wedges may preſs alike: this has been found by experi 
ence to be the beſt way of breaking ſtones. 
Having thus broke them in length, which the ſtone 
cutters can do, as they pretend, to any ſize within leh 
than half an inch, which is ſufficient for any rough 
ſtone; then you proceed to break them in breadth i 
the ſame manner as before in length. When theſe pre 
cautions are taken, the firſt expence is greater than i 
they were broke any how; but then there is littk 
waſte in the ſtones, the workmanſhip will be leſs, and 
ſaves expences in the carriage. 1 
But when the ſtone is very hard they will not clean 
ſo eaſily; for the workmen are then obliged to cut 
_ deep chanel, and ſo wide as to lay two ira 
ars in it, and to leave room beſides for the wedges u 
be drove in between them, by which means the {tone 
may be broken, which could not be done otherwiſe. 
The workmen make at other times uſe of gunpos 
der to blow them up; which is performed in this man 
ner: they make a ſmall hole with a chiſle, of an inch q q 
a little more in diameter, ſometimes vertically, and 
others horizontally, as it moſt convenient, and as dee 
as they want to blow up ſtones; this hole being clean 
clear of all duſt and rubbiſh, they put in ſome pow 
then the reſt of the cavity is filled with the fame * 
X 
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beat into duſt, and rammed in as ſtrangly as they can; 
in doing that they place a wire in the middle, to preſerve 


8 a vent to ſet fire to the powder, and the rammer is hol- 
— low in the middle to receive this wire; this being done, 
che powder fired, breaks off as much ſtone as they 


pleaſe ; and the pieces are broken into ſuch blocks as are 
anced. This way of breaking them is much cheaper 
than any other, but waſtes a great deal more ſtone, for 
which reaſon it is never uſed but where it is ſo plen- 
y as that the ſmall pieces are no loſs, and which may 
ſerve as rubble to fill up the infides of walls. 
There are ſeveral kinds of ſtone z as matble, fire 
one, purbeck ſtone, ray ſtone, alabaſter, free ſtone 
and common ſtone: of each we ſhall ſay ſomething in 


their order. 


_ Marble is of various colours, as white, black, grey, 
uf en, ſome varied with ſpots and veins like the roots 
dug ff trees; their nature and uſe are two well known to 


equire any explanation; the marble found in England 
s moſtly black, and ſo very hard and difficult to poliſh, 
that very little uſe is made of it, than to burn and 
ake lime,z which is frequently done about Plimeu!h, 
8 any other lime is uſed, as I am iu- 
ormed. 

The fire ſtone comes from Reygate, and ſerves chief- 
for chimneys, hearths, ovens, and ſtoves, being 2 
ry porous gritty ſtone, which bears the heat without 
reaking, and it is, I ſuppoſe, on account of this quality 
hat it has the name given of fire ſtone. 

Purbeck ſtone is a hard greyiſh ſtone, and ſerves 


b tiefly for paving, copi f walls, and for all ſuch 
| 5 ng ot Wa or uc 

* les where ſtrength is required, as being the moſt hard 

nd durable ſtone, after the Plimouth marble, we know 


f; it is found upon the coalt of Suſſex near the ſes 


ide. ; 
”_ Lass ſtone is that which is commonly uſed in paving, 
„eds of a blueiſh kind : but there is a ſtone called Kent- 


* Tags that are very uſeful in building; they ſplit ve- 
H 3 | 


ſtone at Batb, of which moſt houſes are built then 
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ry eaſily and yet are very hard; a great quantity of th 
ſtone has been uſed in Weſtminſter bridge; they # 
brought down the river Medway from ſome place nz 
Maidſtone. | 
Alabaſter is a clear whitiſh ſtone not unlike matbe 
it is very plenty in ſome parts of Tay, but therej 
none to be found in England; excepting in ſome pan 
of Scotland, where it is ſaid to be very plenty, a 
much uſed for making lime, which is exceeding god 
Free ſtone is that which comes from Portland; x 
iſland near Dor/etſhire, and is commonly called Perilu 
ſtone: this ſtone is chiefly uſed in and about Londa 


in all great or ſmall buildings; it is a fine whitiſh tou. f. 
without any veins, but very dear; for it coſts abu e 
ninepence a cubic foot upon the ſpot, and 16 cuts hey 


feet weigh a ton: this ſtone is very ſoft when it cone 
out of the quarry, works very eaſily and becomes ver 
hard in time; the piers and arches at W:tminſter bridg 
are built with it. There is likewiſe a quarry of fm 


it has a fine whitiſh colour, but I am informed that 1 
not durable, and therefore is not ſo fit for great hen 
buildings as the Portland ſtone. 

When the ſtones are drawn out of quarries at 
only roughly ſquared, they are called aſhler, but whe 


ng of 


they are ſquared and finiſhed, receive other names fru Maches 
the ſituation they are placed. It may be obſerved ire ab 
when ſtones are laid in the ſame poſition as they a eath, 
found in quarries, that is flat or horizontally, they Ho er 
| make better work than if they are laid any other wan Cir 
and they will cement ſtronger together; this the worlfMhat 1; 
men will not always obſerve, unlels care be taken tomaWhey - 
them do fo: dlazed 
_—_ | ne ref 
oundat 
Ny wa 

able, 
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$..6.T a 
Of BRICKS, 


JRICKS are made here of various kinds and co- 
D lours; and -have various names, as clinkers, ſa- 
el or ſandal, ſtatute bricks, didoron, tetradoran, 
dentadoron, compaſs, concave, featheredge, triangu- 
ar, cogging, place and ſtock bricks. 

The compals bricks are of a circular form, their uſe 
s for ſteening of walls; the concave or hollow bricks 
re like common bricks on one ſide, but on the other 
hey have a cavity, ſemi-cilindrical, about three quar- 
ers of an inch deep, and half an inch broad, ſo that 
f two of theſe bricks are placed with their hollow to- 
ether, they are like a pipe of an inch and a half bore; 
hey are uſually a foot long, 4 + inches broad, and 2 4 
hick, they are generally laid in clay, and ſerve in- 
dead of leaden or wooden pipes to conduct water, as 
deing much cheaper than any other materials, 

Cogging bricks, are moſtly uſed in Suſſex, to make 
heir work toothing or indented work under the cope- 
ng of walls built of great bricks : they are about ten 
nches long, 4 broad, and 2 4 thiek. Copeing bricks 
re about 12 inches ſquare, and 4 thick, flat under- 
eath, and one third above is ſemi-circular, and the 
wo ends flat. | 
Clinkers are nothing elſe than thoſe common bricks 


wort lie in the middle of the kiln or clamps, where 
mug bey are ſo much burnt, that they are as if it were 
dazed all over; theſe bricks are always dearer than 
de reſt of the ſame make, and are chiefly uſed in 
oundations, and facing the walls, eſpecially where 


y water comes near the wall, as being the moſt du- 
Able. 


W's x4 Dido- 


Didoron were a ſort of bricks uſed by the antien Mc 
of a foot and a half long, and a foot broad, but nearly Ito 
as thin as common tiles. Great bricks are 12 inches pat 


long, 6 broad, and three thick; they are generalj 
uſed in fence walls, made with pilaſters of burttrefle, 
and in copeing, This manner of building walls fave; 
great expences, and they will ſtand as long as if they 
were every where of the ſame thickneſs, 


Paving bricks are made of various ſizes and form 1 
from 6, 8, 10, and 1 „ inches ſquare, and an inch au 
a quarter more or leſs thick; thoſe in the form of a 
hexagon look beſt ; they ought to be of good earti ric 
and thoroughly well burnt, otherwiſe they will moul ebe 


er away in a ſhort time. 

Place bricks. differ not in form, but in the manne 
of making them, being of the common dimenſions 
ViZ. 9 inches long, 4 + broad, and 2 4 thick, as tie 
ſtatute bricks; they weigh nearly five pounds each 
though ſome will weigh 5 f; this depends on the qu 
lity of the earth they are made of, and on their bein 
well burnt: A cubic yard contains about 460 brich 
nearly; which at five pounds, makes two tons al 
300 weight per cubic yard. 

There are two ways of burning bricks, in kilus a 
in clamps; a kiln is a large hole in the form of at 
verſed fruſtum of a cone, that is with the leſſer h 
below, built with brick, and a ſufficient quantity 
earth about it, to keep the heat in as long as is poſſible; 
the bricks are not laid cloſe together, but leaving 
ſmall diſtances between them, that the heat may p- 
between; and the fife is made underneath, when 
an opening is left for that purpoſe : This way of bur 
ing bricks is efteemed the beſt, becauſe the 


gure of the kiln, and the wall about it, are ſuch His! 
all the bricks within are nearly burnt of the ſame hat [t 
neſs ; but where there is a great quantity required, Heul 
takes up much time to burn them, for which rea rour 

ul 


they uſe clamps in this caſe; which is nothing 
F 
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than a great ſquare or oblong pile of bricks laid fo as 
to leave a ſmall interval between them, for the heat to 
paſs to the external parts; about this pile earth and 
bricks, which are not ſufficiently burnt, are laid to 
keep the heat in. About London, where they have 
lenty of cinders, they throw ſome between each row, 
which helps to burn them much ſooner, and with leſs 
re than is otherwiſe required, 


rm. An ingenious brick maker told me, that he could 
burn bricks as well in clamps as in kilns, provided he 
f uid it with wood; but the beſt way of burning 

bricks for a fortreſs, is to uſe both kilns and clamps at 


he ſame time, in order to have a ſufficient ſtock of 
rell burnt bricks for the facings and foundations of 
ff the walls and other buildings. 

A bricklayer with his labourer will lay 1000 
bricks with eaſe in a day, when the wall is but a brick 


each nd a half or two bricks thick, and therefore he may 
qu ay more in thick walls; and ſince a cubic yard con- 
deins 460 bricks, he will lay above two cubic yards in 
rica day, and from hence it may be computed how many 


ricklayers are required to finiſh a certain piece of 
'ork in any given time. I 

An ingenious man, uſed much in brickwork, pra- 
doſed a larger kind of bricks for walls to be built in 
Water, or in a fortification z their ſize were to be 18 
nches long, g broad, and 4.5 thick, and he affirmed 
o have made ſuch bricks in Scotland. But a London 


wu rick maker objected againſt them; that they could 
pu ot be managed before they are burnt, as being too 
Wh cavy, and it would be a difficult matter to burn them 


zuite through: whether this objection is well grounded 
dr not, I ſhall leave to thoſe who are well verſed in 
ais buſineſs, 

t is certain, that if ſuch bricks could be made, they 
'ould be very uſeful in great works, both upon dry 
round and in water, for in the latter caſe, they 


ou:d not require ſo much terraſs to lay them in as 
H 4 the 
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A friend of mine told me, that he had ſeen piers of 
harbour at Arles in the ſouthern parts of France, 
zicely built of bricks, and of ſuch an age, that the ſea 
as quite left the harbour which is now upon dry land. 


U 
old There is a kind of bricks called grey ſtock, which 
1 ike a very beautiful appearance in buildings, and 


re chiefly uſed in and about London, in all front 
alls, which are expoſed to view: The Duke of 
irfolk”'s houſe in St. James's ſquare is built of a par- 
cular ſort, the moſt beautiful that ever were ſeen, but 
ey are very dear; theſe bricks are made in the coun- 
y, and of a compoſition which I could not learn, it 
ing a kind of myſtery known but þy a few workmen. 
lt. Bratte, our maſter bricklayer, ſhewed me ſome 
icks of a pale whitiſh colour, the fineſt ſort I ever 
w; they appeared to me, as if they were made of red 
ay mixed with chalk, are very hard and ſound like a 
ud ſtone ; the inſides of the pieces are very ſmooth, 
ithout any cavities: if theſe bricks were better 


' 


ui 
wes nown, I think they would be preferred to any other 
e ur that I have yet ſeen. 


The beſt way of making bricks, is to dig the earth 
fore winter, and to let it be expoſed to the wea- 
cr during the winter, which mellows the earth very 
uch, and faves a great deal of labour in preparing it, 
d the bricks ſhould be made in April, May, June, or 


oſt 
re nd 
tht 

tha 


in u; for after that ſeaſon the weather grows damp, and 
brich en they will not burn fo well; and it is pretended by 
e, ee brick layers, that bricks ſhould be two years old be- 
uchi e they are laid, in order to make good work, and 


d brickwork ſhould be made after the month of 
1ſt, becauſe the mortar has not time to harden be- 
re the damp weather comes in; by which it peals off, 
d the works require new pointing the very next ſum- 
er, as] have been myſelf an eye-witneſs to ſuch works. 
As bricks are nothing elſe than artificial ſtones to 
pply the want of real ones, there is no doubt but 
ir durableneſs depends on the goodneſs of the mate- 
| rials, 
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rials, well mixt, prepared, and well burnt; and then 
fore, an engineer that propoſes to make good vo¹ 
muſt be very careful in his choice; but the beſt wy 
to prevent any impoſition, is to have the bricks ma 
near the place where the fortreſs is to be built, by ſkill 
workmen, where the engineer, or thoſe under hin 
may obſerve the workmen, ſo as to perform tha 
work in a proper manner; and the government wi 
have them much cheaper than to buy them by contre, 
as is the cuſtom, 


er 
Of LIME. 


IME is made of all kind of ſtones, that ni 
calcine z that which is made of the hardeſt ſto 
is the beſt, and the worſt of all is that made of chalk 
the way of knowing whether a ſtone is calcinous, is! 
take a ſmall piece, the ſize of a walnut, and bur i 
in a common fire, and after it is red hot, to let 
cool, and then fling ſome water on it, and if it ſmout 
and diſſolves, it is a ſign that it calcines ; but the eabd 
way of knowing it upon the ſpot whether a ſtone wi 
calcine, is to carry a ſmall viol of agua fortis with yu 
by letting fall a few drops on the ſtone, it will boil u 
diſſolve a part of it, if the ſtone will calcine, but i 
lies upon the ſtone like oil, and does not ferment, j| 
may be certain that it will not calcine. 
] have tried a great many ſorts of ſtone, firſt wi 
agua fortis, and then in the fire, and have found 
experiment to anſwer: I was told that free-ſtone, fu 
as comes from Portland, would not calcine, t 
found the contrary by both experiments; others ꝑ 
tend that flint and a kind of gritty pebble ſtone mi 
the ſtrongeſt lime; but all the trials I could 1 
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ould not calcine them; for which reaſon, I am of 
inion, that they make no lime, and thoſe who pre- 
d they = have it only from hearſay, without any 
r proof, | 
It 1 my opinion, that all ſtones that have any me- 
llic particles in them, and thoſe that will vitrify, will 
ver calcine, at leaſt, I always found it ſo; but leſt 
ſhould be miſtaken, I leave it to the chemiſts, and 
joſe that have an opportunity of making more experi- 
ents than I, to decide it. 
Different counties in England produce different 
nds of lime - ſtones; in Kent, where there are a 
ny chalk-pits, they make their lime of chalk, and 
e greateſt part of the lime uſed in and about London 
mes from thence, chiefly becauſe of the conveniency 
bring it by water, which makes it much — 
an any other that is brought by land: But this ſort 
the very worſt that can be made; it is true, it may 
ve very well for white waſning, and other things in 
e inſide of a building; but as moſt buildings are upon 
pſes, people are not ſo nice about the ſtrength and 
dodnels of the work; provided it laſts as long as 
ey want it, it is ſufficient. . 
| have been informed that about eight miles from 
rtſmouth, is a chalky rock, pretty hard, that makes 
ry good lime, and has been much uſed in the building 
e fortification of that place: although the Purbeckſtone 
ich is not a great way of, and the fragments of Portland 
ne, make exceeding good lime: I ſuppoſe the for- 
er lime is uſed not becauſe it is better, but c 
an the other, which is a very bad reaſon, ſince all 
blic works, which are of great importance, ought to 
made as ſtrong and durable as is poſſible; for what 
laved by cheapneſs of the materials, is loſt by the 
ort ſtanding of the works. 
The beſt lime in any part of England, is that 
ich is made of the marble, found near about Phmoutb, 
lis very much uſed in all the country * : 
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the Romans and ſtalians made uſe of no other lime 
than that of marble, in all their great and publick 
buildings, it being the very beſt that can be mats, 
and of conſequence, makes the buildings more laſting 
than any other. ' 

Moſt builders in this country do not ſtand ſo much 
upon a good reputation, as to make moſt money d 
their works; and few gentlemen enter into-the knoy- 
ledge of building; ſo that the works are generally bad. 
ly executed; provided the outſide of walls appears well 
it is no matter how the reſt is: What ſpoils the ne. 
thod of making ſtrong and good walls is, that mok 
houſes in and about London are built upon leaſes, . 
that if they but ſtand the number of years propoſed, 
the proprietors are ſatisfied, and give themſelves no 
further trouble; this cauſes the workmen to make 
their work in a ſlight and expeditious manner. 

I am informed, that in moſt parts of Scotland there ar 
exceeding good lime ſtones, and in great "quantity, 
in ſuch a manner as to uſe the ſame ſtone for lime a" 
they build with; in ſome parts they have alabaſte 
which makes as good lime as marble. In Ireland, & 
pecially about Dublin, lime ſtones are likewiſe f 
plenty as to build with, which makes the beſt work; 
becauſe the mortar unites better with the ſtone, tha 
if the parts were diſſimilar, 

An engineer employed in any part of the county, 
ought to examine all the different ſtones to be hu 
thereabouts, in order to find that which makes the bel 
lime, and he ought not to chuſe any becauſe it is tit 
cheapeſt, which can fcarcely be excuſed in 7 
buildings, but ſuch as will make the beſt work; a 
fince lime is the very ſoul of good maſonry, it cannd 
be too good; but if it ſhould ſo happen that all 
lime in the country is very bad, he ſhould get 
much from other parts that is good, as to ſerve i 
the facings of the wall, for fourteen or fifteen ind 


deep; the reſt may be done with the cheapeſt * 
bb 
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Lime is burnt in kilns much like thoſe of bricks; 


lick and the ſtones muſt be broke into pieces the bigneſs of 
a fiſt, and more eſpecially ſo when the ſtone is very 
ting hard ; but when they are ſoft, ſuch as chalk, it re- 

quires not ſo much precaution : Care muſt be taken to 
mw burn it every where alike, and thoroughly; otherwiſe, 
y df hoſe parts which are not well burnt, will not ſlaken 


with the reſt, and when the mortar is employed, will 
iſſolve, and diſunite the wall wherever there is any 
of them. | ul | 
There is likewiſe lime made of all forts of ſhells of 
ſea fiſh, which is eſteemed to be exceeding good, be- 
zuſe it dries and hardens in a ſhort time, for which 
eaſon it is mixt with Dutch terraſs, and uſed in all 
pquatic works, and as it is much cheaper than terraſs, 
t ſaves great expences. | 

t muſt be obſerved, that thoſe ſtones taken out of 
quarries which are damp, make better lime than thoſe 
ound above ground and are dry; it has likewife been 
ound, that the dryeſt part of a rock, and which is ex- 


ne 4 
after, WF 0ſed to the ſun, will make a different lime from 
„ee made of the inner part, which is damp and 
ſe ot expoſed to the ſun: Therefore an able engineer 


10uld not only try the outward parts of a rock, or a 
quarry, but likewiſe thoſe parts which are not expoſed 
o the ſun and weather; otherwiſe he may poſſibly re- 
ct the beſt part as uſeleſs. . 


er. 
)f SAND, TERRASS and POZOLAN. 


A LTroven there appears very little difference 
A in ſand, yet there is ſome which being mixt 
1th lime makes much better mortar than others : In 
ommon buildings, they always uſe that which is 
careſt at hand, and in London they beat the rubbiſh 
of 
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ct 
of demoliſhed buildings, and uſe it as ſand; but h 
works of conſequence, ſuch as thoſe of a fortrefs, oe 
a practice ought to be rejected; the beſt materia I. 
ſhould be uſed in order to make durable work, er 
which reaſon greater precautions muſt be taken; Ml 
it is for the ſake of thoſe works we intend the follow WP" 
ing obſervations, 0 
The beſt ſand for good mortar is that whoſe gi 
is not too ſmall, which is clear and free from ee 
particles; for the ſmall grained ſand has been ſau * 
not ſo good, as being too fine to form a ſolid bo 
when mixt with lime. Pp 1 
The manner of knowing whether ſand is free fra "'< 
earthy particles, is to take ſome and rub it in ya ul 
hands, and if it makes them dirty, it is a ſure ig © 
that it is not pure, but if it be gritty and leaves oR"4 
dirt behind it is very good. If it ſhould happen i 
no good ſand is to be found near the place where iti 
wanted, the beſt way will be to waſh as much as is vx ©" 
quired to make ſtrong mortar, for facing, and point "© 
arches, and other ſuch like works; that is, you pu 
good quantity into a tub, and fill it with water, wa 
ſtir it well with a ſtick, and let the water run df tle 
pour clean water in again, ſtir it and let it run owl -! 
this being continued till the water is pretty che 
your ſand will be clean. _ 
Sand found in rivers is eſteemed the beſt, becmi * 
it is of a pretty coarſe grain, and moſtly free fra 41 
mud]; others will have it that ſand our of the ſead h 5 
ſalt water is likewiſe very good; but as for my pi "Ha 
I would not chuſe to uſe it, where good work is to 1 
made, becauſe ſalt, if I am not miſtaken, is a bad 1 a 
gredient for mortar; this will be explained herrafti 1 
It has been found by experience, that ſand ſho {5 
be uſed freſh, and before it has been too much expo r 
to the air; for it is ſaid, that (dry ſand never ma 10 


good mortar; although mixt 5th ννẽꝭm¹] quae 
of good lime; and there fore VralCia = 4 a; 138 {LINUS 
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ought to. the place where it is wanted, ic ſhould be 
overed ſo as the ſun may not ſhine upon it. 5 Mt 
Inſtead of ſand mixt with lime to make mortar, ſe- 
eral other things are uſed, ſuch as cinders, tiles, 
lings of iron out of forges; but theſe ingredients 
\uſt be well beat, ſo as to make a fine powder of them. 
made ſeveral experiments with theſe materials, and 
und when they were well mixt with lime made ex- 
ellent mortar ; ſome of which being put in the joints 
f walls in the month of December, the weather bei 
ery damp, and others kept in a warm room, 

p in ſmall balls, that which was expoſed to the air 
ried as ſoon, and grew as hard, as the other : Neither 
0uldI perceive any difference between the mortars made 
{ theſe different ingredients, for they grew all equall 
ad nearly at the ſame time, although ſome pre 

at the ſcalings of iron makes the ſtrongeſt mortar. 
have been told by a gentleman, that he has ſeen 
ortar compoſed of icalings of iron, and common 
me, to be uſed in ciſterns, and that it grew ſo hard 
at the water could never penetrate it; but it muſt be 
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en, chat mortar of this kind is worked with very 
ae water, in ſuch a manner as to become like 3 
os clay. 


There are ſeveral other kinds of powder uſed in 
,ortar inſtead of ſand, eſpecially for ciſterns and aqua- 
c works; there is a ſort which is called pozolana, 
om the name of the place it comes from, which is 
the kingdom of Naples; this powder is of a reddiſh 
pour, and when mixt with lime grows preſently hard 
remains ſo although in water. | 
Another fort made of a ſoft rock ſtone, found near 
len upon the lower part of the Rhine; it is burnt 
e lime, and afterwards reduced to powder by means 
mills; from thence it is brought to Holland in 
eat quantities, where it has acquired the name of 
«cb terraſs; it is of a greyiſh colour when it is not 
xt, which is very ſeldom the caſe; becauſe it is 2 
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dear, and abſolutely neceſſary in all aquatic wor 
ſo they make as much of it as they whe = 
We have forgot to mention before, that lime ſhoul 
be burnt with coals and never with wood; the rea 
given for it is, that the coals being ſtrongly inpreg 
nated with ſulphureous particles, which mixing with th 
lime makes it more glutinous; and it has been fou 
that the mixture of the cinders and the ſmall partich 
of lime, found in the lime kiln, being reduced to; 
powder and uſed inſtead of ſand, compoſes a mortay 
ſtrong for aquatic works as Dutch terraſs. The reaſy 
of this appears to be owing to the particles of lin 
being mixt with the cinders and unſlakened, when thy 
are mixt with lime they ſlaken and dry up the wats 
parts of the lime, and leave no more moiſture in 
than what is ſufficient to lay hold on the bricks a 
ſtones, and compoſe as it were one ſolid body. 
I have been informed, that in ſome parts of Ela 
which is Dor/etſhire, if I am not miſtaken, is fou 
a ſoft ſtone, much like that of Dutch terraſs, and the 
it might ſerve full as well in aquatic works; if this 
true, I am ſurprized that it is not better known, fincel 
would enable us to make theſe kind of works of ol 
own materials, and much cheaper, than to buy the 
from the Dutch, who often mix it with other the i; 
to get the more by it. As for my part, I don 
doubt, that if there was a proper enquiry made h 
ſuch as have it in their power, but they might ul 
only find ſuch ſort of lime ſtone as that of which 
terraſs is made of, but likewile the ſort which makt 
plaſter of Paris. ' 
N. B. There is at preſent ſuch terraſs made bi: 7 
and fold for eighteen pence a buſhel], whereas Vporti, 
Dutch coſts two ſhillings, and is not better, ep 1 
RE they 
12 che 
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SECT. v. 
ow to prepare and male MOR TA R. 


| HE manner of making mortar is quite different 


ich in different countries, and even in the ſame coun- 
to by different builders ; the common way in and about 
ard "don, is, to lay the lime ſtones upon a heap, and cover 
ao with as much ſand as is thought requiſite for making 


e mortar; then they fling ſome water on it, ſo as the 
e may ſlaken gradually and mix it at the ſame time, 
hich they continue till the lime is ſlaxened; when this 
done, they paſs it through a ſcreen the next day, in 
s Cer to ſeparate it from the ſmall ſtones, which have 
t been ſufficiently burnt to ſlaken ſo ſoon ; after this 
y mix it and beat it well; and uſe it immediately 
thout any further ceremony. 

But our engineers uſe greater E for they 
x and beat it every 24 hours for a week together, 
nei chen let it lie for a week more, and when they uſe it, 
t and mix it again: by this means it will make good 
tar although the lime is but indifferent, provided, 


ning re is not too much ſand put into it. 

lo ol he proportion moſt commonly uſed in the mixing 
de Vi ime and ſand is, to a buſhel of lime a buſhel and a 
it of fand; that is two of lime and three of/ſand ; this 


Fever is no general rule, for ſome lime is fatter or 
e glutinous than others, and therefore will bear 2 
ater quantity of ſand. The common mortar in and 
ut Jendon has more ſand in it than according to the 
portion above: for provided therg is juſt lime enough 
*p the ſand together, the en. are ſatisfied 

ey make large joints, becauſe this kind of mortar 
3 cheaper than bric'zs, they get ſo much more by 
r work, than if they made the joints ſmaller; but iF 
are obliged to make good mortar, they make ſmaller 


ts, becauſe the mortar coſts them more than bricks. 
I The 
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The French make their mortar in a quite differen 
manner; for they dig a ſquare hole in the ground, | 
foot or 18 inches deep, and large in proportion to th 
quantity of lime they intend to ſlaken; they floor th 
bottom with boards; then they throw in lime firſt 60 
$ inches deep, and pour in as much water as will jt 
cover the lime; which they ſtir till the lime ſtones x 
diflolved; when this is done they make their mortar 
a few days after: this is the common practice, buty 
works of conſequence, they cover it with one thirdd 
ſand and let it lie for a twelve month. It is pretend: 
that the ancients ſlakened their lime many years bein 
they uſed it; and there are ſome who ſay that fr 
mortar is better than old: but in my opinion tk 
nature of the lime ſhould be conſulted; for when lin 
is very ſtrong, by letting it lie too long it will grow ka 
and unfit for uſe, as it happened at Metz, as Mr. N 
dor ſays, where they let it lie a twelve month, in wh 
time it became as hard as ſtone : but when lime is da 
I take it, thelonger it lies the better it becomes. 

Two things are to be obſerved, in order to 
good mortar, which are, that no unſlackened parti 
of lime remain, and not putting too much water i 
when it is prepared: therefore if lime is kept till ent 
part is —— it will be ſufficient. It muſt like 
be obſerved, that burnt lime ſhould not be kept an 
long before it is ſlakxened, becauſe it evaporates erte! 
the air makes it loſe its property; but when lim 
once ſlakened and well covered with ſand, as like 
under ſhelter from the ſun and rain, it will keep as | 
as you pleaſe, provided it does not grow too hard. B'S. 's 


The water that is uſed in the flaking of lime, E m 
3 likewiſe to be conſidered ; for if it be ci 
all of mud, ſuch as is gathered in the ſtreets, 3 be 


do at London, it wiil ſpoil the mortar; it is imag . 4 

that all kind of clear fieſh water is good; but I bel in 

the ſotter the water is, the better: ſome pretend, ti. 

water out of the ſea may be uſed; but for my * 
| | 
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ink it muſt diminiſh the goodneſs of the mortar very 
uch: for it is well known that ſalt gives way and be- 
omes fluid in damp weather, and therefore in winter, 
he mortar which is impregnated with ſalt muſt neceſ- 
arily become ſoft, whereby it loſes the property of 
binding bodies together in bad weather, when it ſhould 
ave moſt. 

Mortar that is to be uſed direQly, which ought never 
o be done but in caſes of great neceſſity, ſhould be ſlak- 
ed by covering it with ſand on a platform, and the 
ater thrown over it little by little, ſo as to diſſolve it 
radually, and then paſſing it through the ſcreen to 
ee it from the ſmall ſtones not diſſolved ; this being 
one, it ſhould be well beat and worked once a day for a 
eek, and let it lie for another, and when it is uſed, to 
ork is well again; and no water ſhould be uſed but 
ge firſt time: but when mortar can be made betimes, 
may be made in the manner mentioned above and let 
lie for about ſix months, which will be ſufficient to 
ſolve all the parts of the lime that is burnt, and the 
ſt which are not burnt will not affect the work; al- 
ough thoſe that are found may be thrown away. 

er u The mortar made for ceilings is different from that 
have been ſpeaking of; it is made of ox or cows 
Ic well mixt and tempered with lime and water, with- 
t any ſand : the common method of making this 


ept i 

FP vrtar is, one buſhel of hair to ſix buſhels of lime; the 
lime rs ſerve to keep the lime or mortar from cracking, 
like to bind and hold it faſt together. | 


Mortar made of terras, pozolana, tile duſt, or cin- 
rs, is mixt and prepared in the ſame manner as com- 
n mortar; only theſe ingredients are mixt with lime 
tead of ſand in a due proportion, which is about half 
halt: as this mortar is deſigned for aquatic build - 
mag fie reader may eaſily jmagine that the lime 
din it ought to be the very beſt that can be 
: for which reaſon, lime made of ſhells or of mar- 
is What ſhould be had if poſſible, hut in ſuch works 

1 2 e f which 
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which are ſometimes dry and at others wet, inſtead i 
terraſs, which is very dear, tile duſt or cinder duſt 
be uſed, and is eſteemed to be the beſt mortar for ſug 
work; for it has been found that terraſs mortar is nx 
ſo good where the work is expoſed to the air. 

In fortifications, docks, or piers of harbour, | 
would lay all the parts of the works under water wit 
terraſs mortar, and the reſt of the facings, both with 
and without, with cinder or tile duſt mortar, for abou 
two feet deep; for if this was done, the walls woul 
not require to be pointed and repaired as they commo 
ly do : cellars, and all kinds of arches or vaults, unde 
and above ground ſhould likewiſe be done with thi 
mortar : and the cinders out of lime kilns mixt wit 
the particles of lime ſtone, is, in my opinion, ſtill preſs 
rable, for the reaſons given in ſection III. As to ciſtem 
they require terraſs mortar as well as all the works whid 
are conſtantly under water. | 

The ſtrength or goodneſs of mortar does not only d 
pend on that of the materials of which it is made, bu 
likewiſe on the manner of preparing it: for the work: 
men put generally much water in it to make it liqui 
in order to fave labour in mixing it; if this be done, tie 
mortar will never be good for any thing: but it lire 
or no water is uſed after it is ſlakened, and well be 
and mixt till it becomes ſoft, and this be repeated ſen 
ral times till it becomes glutinous, you may depeal 
upon it, that the mortar is good. 

A very able perſon, who has been employed a g 
while in the works of fortification, told me, that it 
wets his mortar very ſparingly, but beats it well ever 
day for a week, and then lets it lie for a week or a fe u 
night before he uſes it, and has it well beat over agill 
this method is undoubtedly very good, and ougit toi 
uſed in all the works of fortifications, ſince they att 
great charge to the nation, and therefore whoever 
the direction of them ought in a manner to be ande 
able for their goodneſs. | 

by A C03 


a. 5. FORTIFICATION, 15 
A contrary practice is followed by ſome others, who 
ve the direction of works; for I have ſeen, after 
orks have been done, the mortar: crumble off like 
nd, and when examined, found the lime in lumps, 
nd not half mixt with the ſand ; what can be expected 
rom ſuch work, I leave the reader to judge. Others 
que themſelves upon making the work look regular 
nd will have every courſe of bricks to be three inches 
gh: and as the bricks are but two inches and a quar- 
r thick, the joints muſt be three quarters, from 
hence the goodneſs of the work may be judged : in- 
ead of making the joints ſo large, I would oblige the 
ricklayers to make them only a quarter of an inch thick, 
hich is ſufficient. | | 
Another obſervation is to be made, which is, that in 
Il walls that have a ſlope, the courſes of brick ought to 
perpendicular to the ſlope, and not on the ſame level, 
is cuſtomary z and this for two reaſons; firſt, all ſtones 
ing cut ſquare cauſe leaſt waſte, and is eaſier to the 
orkmen; and when bricks are uſed, the joints are 
qually thick throughout, whereas, when the courſes 
e on the ſame level they raiſe the bricks on the out- 
e, ſo as to make the ſlope, which makes them wider. 
gere than within; and when the mortar is not very 
od, the walls require pointing very often : another 
convenience ariſes, that the outſide of the courſe be- 
2 perpendicular to the ſlope a brick length, and the reſt 
horizontally, by which they make an angle or bend- 
g. ſo that the bricks of the ſame courſe can never bind 
gether, and the outſide of the wall is no more than 
ſhell ra depth of a brick, ſeparated from the reſt ot. 
e work, | 


* 
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SECT. VI. 
Of PLASTER. 


LASTER is different from common lime, i 
that it compoſes a ſolid body by itſelf, withou 
mixing either {and or any other ingredient, as is dot 
in lime. | 
It is made of a bluiſh ſoft ſtone, taken out of quy- 
ries, which generally are at the ſide of a hill, mud 
like the ſtone of which Dutch terraſs is made: Th 
ſtone is burnt in the ſame manner as lime, and wha 
cold, beat into a very fine powder, or duſt; and whe 
it is to be uſed, about a buſhel is put into a tub 1 
water poured in, till it becomes liquid; then it is wel 
ſtirred with a ſtick, and uſed immediately; for in kb 
than a quarter of an hour it becomes hard, and god 
for nothing; another of its properties, is, that it mil 
not bear mixing a ſecond time, as lime will do. 
Although plaſter is to be found in moſt counties 
yet nobody I know, has given a method to diſtinguil 
it from lime ſtone: I am apt to think, that it my 
offibly be the ſame ſort of ſtone as that found net 
Collen, of which the Dutch terraſs is made; for i 
it is not the ſame ſort, it comes very near to it; fort 
dries very quick, and makes a very hard body: 11 
faid not to remain hard in water, but I never heat 
that it was tried with mixing it with lime ; for whid 
reaſon, I will not affirm it to be the ſame as terrals 
That which is found in a hill near Paris, is eſteen 
ed the fineſt, and brought to England chiefly to mit 
buſto's, and to take off medals, as well as all kind 
ſtatuary works; but there it is uſed in flooring, * 
to line the inſide of ſtone walls, inſtead of comma 
mortar. But the plaſter found in this country, bei 


of a coarſer fort, is chiefly uſed to make floors 
gente 
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gentlemens houſes, and for granaries to keep corn in. 
The only way to know the ſtone, is to burn it in 
a fire, and reduce it to a fine powder; then if it grows 
hard immediately after it has been mixt with water, 
you are certain that it is plaſter ; although the ſtone 
is of a blue greyiſh colour at firſt, yet it becomes very 
white by burning, and when mixed with water, it 


t 1 


e, in WW docs not ferment or grow hot like lime, ; 
thou Having thus given the quality and manner of pre, 
done BY paring the chief materials uſed in works of a fortifica- 
tion, in the preceding ſections, as far as we poſſible 
qua- could from our own obſervations, and what we could 
nuch gather from other authors; to which, if the young 
Tin engineer will join his own obſervations with thoſe of 
whe his ſuperiors, under whom he is employed, eſpecially 


to thoſe of able workmen, I do not queſtion, but he 
will be able, not only to judge whether works are 
well executed, either in the whole or in parts, but 
likewiſe know how to proceed whenever he ſhall be 
employed as the chief director over ſuch works, for 
which reaſon, we ſhall proceed to what remains to be 
laid of this ſubjet, 
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England ; for had there been ſome good fortified pł 
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Containing: the manner of tracing a For: 
treſs on the Ground, to make an Eft- 


mate, and to execute the Works. I 
| ary 

ul 

Ot 

| 8 ECT I. * 
Shewing the USEFULNESS and NECESSITI * 
of building FOR TRESSES. er 

ary 

E neceſſity of building fortreſſes in dl an! 
ſtates whatſoever, appears from this ina rt) 

”  or:»ciple of ſelf preſervation; for a powe- s 

| 5 always powerful enemies; ſo that by ti M 

- vattle, the whole country is in danger, it th ch 

ander of the routed army has no place of ſafety uit 
retire into, where they may rally and receive ſuccourz ſur 
either from their allies, or new-raiſed troops from thu hen 

part of the country, which the enemy is not yet malit - 
of. lan 
It has often happened, that after an army has ber 5, 
defeated, it has received ſuch ſuccours in a place of ſiꝰ te 

ty, as not only to be enabled to ſuccour their own coe. 

try, but likewiſe drive the victorious army out of ad 

| field with loſs: There are many ſuch examples to XP Pr 

found, both in antient and modern'hiſtories: Where nat: 

it aa enemy gets once the victory in a country that ere! 


no fortreſſes, he is at that inſtant maſter of the wht 
{tare. - 
An example of this kind has happened here b 


ces, when William the conquerer entered the counts} 
h 
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t would not have been loſt by gaining of one battle: 
nd had the town of Genoa been fortified in the laſt 
var, the Auſtrians could not have taken it at once, and 
deen maſters of the whole ſtate, as they did; in ſhort, 
vere it not for the many fortified places in Flanders, 
he Auſtrian dominions in that country would have 
een long ago loſt. Wy #4 
In ſmall ſtates and republics, they are no leſs neceſ- 
ry than in great kingdoms, in order to reſiſt a power- 
ul enemy, till ſuch time that their allies can come 
o their aſſiſtance : To this it may be objected, that 
prrified places in a free ſtate, may be a means to en- 
ave it by ſome ambitious and powerful man, aſſiſted 
py a neighbouring prince; but as no ſuch examples 
e recorded in hiſtory, as far as I know, and the con- 
rary is evident, by the ſtates of Holland, who have 
any fortiiied places, and yet have preſerved their li- 
ty, ſince their firſt ſeparation from the Spaniards, 
is evident, that this objection has no foundation. 


IL 


11 


7 he Maritime powers, and thoſe who inhabit iſlands, 
tech as England, Sardinia, Sicily, &c. require no leſs 
7 0 "tified places; for as an enemy may invade them by 
hun ſurprize, and though his naval force be leſs, yet 


hen he once gets a footing, may either conquer or 
eſtroy the country. Beſides, their trade, on which 
landers chiefly depend, would become very precari- 
„ without having ſome ſtrong place or other to ſe- 
te their effects in, which otherwiſe might be ſur- 
ized and carried of, before an army can arrive to de- 


fed them. Many other arguments might be alledged 
to de prove the uſefulneſs of fortified places, were it not 
eres WP at all the world is convinced of it at preſent, and 

eteſore it would be needleſs to ſay any more about 
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SECT. u. 
Of their SITUATION s. 


HE ſituation of a fortreſs depends chiefly on thy 

reaſons for which they are built; for if they a; 
to promote or protect trade, they muſt be placed ner 
the ſea, lakes, navigable rivers, or chanels ; if they 
are deſigned to guard a pals or inlet into a countr, 
they are placed on hills or high 1 that fron 
thence they may enfilade and defend that paſs, and i 
as not to be commanded by any other adjacent hill; « 
near the paſſage of a large river; and if they are tok 
cure a country from an invaſion, they muſt be ſits 
ated in ſuch a manner, that the enemy muſt attag 
them before he can advance any farther ; and in cak 
he ſhould paſs by and leave them behind, they my 
cut off his communication with his own countr, 
whereby his convoys may become precarious and dif 
cult; and therefore muſt either not adyance farther u 


elle beſiege them. 


In iſlands, the beſt ſituations are upon the coaſts, a 


in ſuch places, where an enemy may eaſily land, a 


where the garriſon has a ſafe communication with ſom 


inland town, to receive ſuccours and ſubſiſtance in ci 


of an attack; or if there are any great rivers, that mu 
into the ſea, and where ſhips may come up into i 
country, there ſhould always be one or more 1s 
treſſes built near them, in ſuch places, as may prev 
the ſhips from paſſing by, without ſuffering gre 
from the cannon placed there, and where the a 
is very dangerous. . 0 
In an iſland of no very great extent, whoſe coalt | 
of an eaſy acceſs, in moſt parts, and where it is 
poſſible to fortify every one; the beſt ſituation for 
fortreſs is the middle of the iſland upon a riſing grou 
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becauſe troops may beſt be ſent from thence to any 
part, to oppoſe the landing of an enemy; but this for- 
treſs ſhould be pretty large, that in time of need, the 
inhabitants of the country may retire into it with their 
cattle, and other moſt valuable effects, and help to de- 
end the place, till the enemy is obliged to retire, 
ther for want of proviſion, or having no hopes to get 
maſters of the place. 
But if the iſland is conſiderable, it is not ſufficient 
o build fortreſſes near the moſt convenient landing 
places, but there ſhould likewiſe ſome be built in the 
paſſes, to prevent an enemy from entring farther into 
he country, in caſe he ſhould land, notwit 
he forts on the coaſt z or at leaſt to ſtop and prot 
ime, ſo as the country may riſe and come to oppoſe 
im. 

In ſmall ſtates, that lie in an open — which 
annot afford the expences of building many fortreſſes, 
nd are not able to provide them when built with 
ficient garriſons and other neceſſaries for their de- 
nce, or thoſe whoſe chief dependance conſiſts in the 
roteftion of their allies; the beſt way is to fortify 
eir capital, which being made ſpacious, may ſerve as 
retreat to the inhabitants in time of danger, with 
cir wealth and cattle, till the ſuccours of their allies 
rive. 

If a fortreſs is built near a river, lake, or fea, it 
uſt be conſidered whether it ſhould ſtand quite cloſe 
d the water ſide, or at ſome diſtance, ſo as the works 
ay not be battered by the ſhips; whether an enemy 
ay eaſily land thereabouts, and attack it by land; 
hether the ſhips may come cloſe, or the water is 
allow, when the water is fo deep that ſhips can come 
p cloſe to the walls, the parapets muſt be made high, 
d thoſe that can be ſeen from the main top, ſhould 
covered above with canvaſs, planks, or with any 
ng elle in time of a ſiege, to cover the troops behind 


em. 
When 
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When a fort lies ſo near the water, that it may he 
. battered from the ſhips, it is in danger of being ſoon de 
ſtroyed by the ſuperiority of their fire; on the con- 
trary, when the water is ſo ſhallow, that the ſhips ca- 
not come near enough to batter in breach; care muf 
be taken that the enemy may not land in their boat 
and ſtorm it by land; to obſtruct which, redoubts a 
batteries muſt be built, to reſiſt both in front and in 
flank; and if they can land any where beyond the rec 
of cannon, theſe redoubts or batteries muſt be fortified 
all round with a wall and good ditch, that they my 
not be ſurprized in the rear; as we did at Cape Britn, 
where the large battery fronting the entrance of the 
harbour, was ſurprized, and the guns turned agil 
the town, by which -it was obliged to ſurrender ; this 
would not have happened, if the precaution mentioned 
above had been uſed. : | 

In a place where there is a harbour, ſome parts a 
other of the fortreſs ſhould command it if poſſible; 
for though redoubts and batteries are made to defend 
its entrance, yet if the enemy finds means to deſtroy 
ſome, and paſſes by others, the harbour lies open fot 
the ſhips to come in, without any farther obſtacle : ant 
as theſe defences are at ſome diſtance from the fortrel 
they are always taken either by ſtratagem or ma 
force; as being ſeparate from the garriſon, and an 
not eaſily relieved. But if part of the fortreſs com 
mands the harbour, the ſhips are never ſecure in i 
till the place is taken, which is all that can be er 
pected. | 
It is true, that the entrance ſhould not be negledted; 
for wherever there is a point of land that command 
the approach of an enemy, it ſhould be carefully & 
eured by ſome work or other; and as it often happen 
that ſmall rocky iſlands lie in the entrance, which 
when properly fortified, are very advantageous in ik 
defence of it: Nothing conduces ſo much to the fil 


ty of a place, ſituated near the fea, or navigable rive 
"$472 ö 
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i 

„ thoſe works which keep the enemies fleet at a 
4; eicance; ſince thereby their main ſtrength is of no 
on. oe to them; and though they ſhould make a deſcent 
. ſorne part or other with a few ſmall pieces, yet 


theſe may be eaſily repulſed by the garriſon. As theſe 
Lind of ſituations are the moſt uſeful to a trading na- 
jon, we have ſo much the longer dwelt upon the 
method of ſecuring them in the beſt manner poſlible. 
When an old fortreſs is to be rebuilt, the engineer 
pught not rely too much on the capacity of him who 
had made it firſt z he ſhould conſider whether there is 
o other ſituation thereabouts, that might be better 
han the former; whether the old works were properly 
dapted to the nature of the ground ; how much ex- 
pence will be ſaved by building upon the old foun- 
ations ; whether it is too big or too little; whether 
dy following partly the old plan, and building the reſt 
a different manner, it would not be better than to 
ollow it in all its parts; or whether by chuſing an- 
ther ſituation, it would not be too expenſive in reſpect 


fend 
an o the advantage gained thereby; in ſhort, he ſhould 
eiſurely, and well conſider every minute circumſtance, 


order to form a true idea of the ſituation, the 


= gure of the works, and the conſequences reſulting 
* icrefrom, before he determines his choice. 

* An engineer, who is truly conſcious of the truſt 
com roſed in him, ought to be extremely cautious in all 


is undertakings, and well conſider, that he is, or 
ught to be, anſwerable for all extraordinary and uſeleſs 
Kpences, which he cauſcs to the nation, either for 


gent of ſkill, or inapplication; and if a nation was 
ans ebtiy ſenſible of the truſt they put upon them, I am 
ly & rluaded, that they would be very careful, and well 


amine thoſe who are deſirous to enter into ſuch em- 

vyments, before they admit them. 

An engineer requires much greater ſkill in arts and 

ences, than is generally imagined for it is not ſuf- 

nt to know how to draw plans, profils, and = 
dps, 
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ſkips ; to underſtand a few propoſitions in | 
or to know how to build a wall or a houſe; on th 
contrary, he ought to be well grounded in all the me 
uſeful branches of the mathematics, and how to 
them to practice, natural philoſophy, and archireQur, 
have a good notion of all kind of handicraft works; 
and above all things, to be well verſed in mechanic: 
As the variety of nature is infinite, ſo it is impoſ 
ble to deſcribe all the different ſituations, where fo. 
treſſes ſhould be built; it requires the greateſt ſkill al 
| knowledge to fix upon ſuch as may anſwer beſt all ti 
different expectations; and as the building and may 
taining - them is attended with very great expenca 
when they do not anſwer the intent for which they a 
built, they are heavy burthens to a nation, Wwithou 
any conſiderable advantage: for which reaſon an eng 
neer ought ſeriouſly to conſider what he is to do betar 
he begins ſuch an undertaking : It is my bumble op 
nion, that the choice of the ſituation, and the making 
a ſcheme of a fortreſs ſhould not be intruſted to ay 
ſingle perſon; on the contrary, the expence of ſendin 
five or fix upon the ſpot, and in concert making! 
proper choice of the place and works, would be mat 
than ſaved in the execution. 


SECT. BE 


OssERvATIONs relating to the SITUATION 
of PLACES. 


N the former ſection we have treated of ſituatio! 

in general, it remains now to obſerve the pa 
lars which are neceflarily to be known, before 0 
ſcheme or project of a fortreſs is fixed upon, The fi 
thing to be conſidered, is to know whether the a g00c 
wholeſome for it would not be for the intereſt [ | 
ſtare, to build a place of that kind without the i) 


bitants being in a way of increafing, in order that i 
[I 
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em may be no occaſion of ſending often a ſupply of people: 
1 the RW beſides, a gariſon in ſuch a place, would continually 
me WW weaken to ſuch a degree, as would make the taking it 
py WW very eaſy. | 

ture; This may be known by the colour and ſtrength of 
ks; Whoſe who live there, or near the place; and if it is not 
cg, inhabited, it may eaſily be known by the ſituation; 
pol becauſe if it be ſurrounded by low and marſhy ground, 
e for the place is certainly unwholeſome ; on the contrary, 
| nl Bf the place is a dry foil, and produces plenty of wood 
11 the Wand graſs, and there are a great number of birds, or 
mai 1d animals, it is no leſs certain, that the ſituation is 
nc holeſome and fruitful. 

y it The next thing to be conſidered, is to know whe- 
tho eber there is a plenty of freſh and wholeſome water, 
eng: Wufficient for men and beaſts, for without that, no 
ela place ought to be fortified, unleſs it may be ſupplied 
e ſome ſpring not far of, and which an enemy can- 
aku ot cut off in time of a ſiege ; otherwiſe, it would be 


mpoſſible to defend it for any time, It may be ob- 
erved, that all ſweet waters are not equally wholeſome; 
or it has been found by experience, that very clear 
Ind well-tafſted water, has occaſioned particular diſ- 
empers to thoſe that drank it conſtantly. Beſides, as 
ome waters will cure diſtempers, why ſhould there be 
one of contrary qualities? The air of ſome places is 
tieemed unwholeſome, when it is rather the water 
hat occaſions the diſtempers. It has been pretended, 
hat the lighteſt waters are the beſt to drink : but Mr. 
ten, in his Hydroſtatic lectures, has compared the 


ati eights of all the different waters that he could get, 
arti en ſome of the river Ganges, which is eſteemed the 
re Pct in the world, but could not find any ſenſible dif- 
he (TE ronice in their ſpecific gravity z if this be the caſe, its 


joocneſs cannot depend on its lightneſs, but rather, 
1 ſome quality imbibed from the ſoil, through which 
"uns, which cannot be diſtinguiſhed by the taſte : 
tncrs ſay, with ſome juſtice, that if water be boiled 


4 a good 
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a good while, and let ſtand for a time, till it is quit 
cold, and when no ſettlement is found at the botton 
of the veſſel, it will be wholeſome ; this may be be. 
ter known, by uſing the ſame veſſel for ſome tine, 
and then obſerving whether any ſediments are found; 
for there may be ſo little at firſt, as not to be perceiy 
ed, yet in length of time may gather ſo much az 
make it appear quite plain. 

I have been told by a gentleman of veracity, tht 
very clear and well-taſted water, ſpringing out of 
rock in Jreland, petrifies every thing on which it fall 
in a very ſhort time: Therefore water of that qualiy 
can never be wholeſome, either for man or cattle. 

Water ſeems to receive its chief quality from the 
nature of the ſoil, through which it runs, as we han 
_ obſerved before; as for inſtance, when it comes out a 
a rock, or of a gravelly ſoil, it is clear and cold; tha 
which comes out of chalk, is ſoft and milky ; and tix 
of a marſhy ſoil, brackiſh ; this latter ſort is the wor 
of all. 

If the inhabitants, or thoſe who live near the plac, 

are ſubje& to any particular diſtempers, more tha 
thoſe in others, either the water or the air is unwhos 
ſome; it may eaſily be known, whether the air is good 
or bad; for if there is any ſtagnated marſhy watt 
adjacent to the place, the heat of the ſun draws up tic 
corrupted particles, which fall in the cool of the night 
and infect the air; but if there be no ſuch places ne 
about, the air will be good: It is ſaid, that in bad at 
the livers of birds and animals are full of ſpots ; bu 
whether this is fo or not, I cannot ſay. 
Next to the water, fuel to make fire is to be con 
dered; it muſt therefore be enquired, whether there! 
wood, coals, or turf to be had near at hand, or m9 
be brought to the place at an eaſy rate, either by landd 
water: this article is very neceſſary, eſpecially in noi 
ern climates ; beſides its uſe in preparing victuals, v 


ſerves for moſt ſorts of handicraft works; in 1 
eren 
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very thing that is neceſſary fot the ſubſiſtence and 


" onveniency of a garriſon muſt be conſidered, before 
* he conſtruction of a fortreſs is undertaken, becauſe the 
1 xpences which attend ſuch works, are always very 
1 great; and conſequently, every individual circum- 


tance Gught to be examined and carefully conſidered 


eforehand. 


In the next place, it muſt be obſerved, whether 
ec are materials to be found for the building of the 
c, either upon the ſpot, or near at hand, ſo as to 
lk - tranſported at an eaſy rate; ſuch as timber, ſtone, 
ly r brick, lime and ſand, or whether they may be part] 


ad on the ſpot, and partly brought by water; for if 
e greateſt part is to be tranſported by land from ſome 
ſtance, the expence will be ſo exceflive, as the ut- 
oft importance of the place only can excuſe the build- 


it. 

i it be a place near the ſea, br a navigable river, 
here a harbour is to be made, it muſt be carefully 
nſidered, on which fide the fortreſs is to be placed, 
th in reſpect to the landing of the goods, and to the 
efence of the harbour, as likewiſe, where the ſhips 
ay come as cloſe to the quay as poſlible. 

In a fortreſs built to promote and protect trade, it 


20 But likewiſe be conſidered, what kind of goods are to 

ry found in or near the place, what might be brought 
* ſhips from — parts, and what might be ex- 
— ted, in exchange for thoſe manufactured there, and 
135 here to be carried to market. | 


It may happen, that in ſome places, ſuch as iſlands 
dd ſome other places, where there are very few things to 
had for exportation, yet if the harbour is convenient 


. 
— r ſhips to come in, when diſtreſſed by weather, or 
_—_ place may ſerve as a magazine to bring and depo- 
4 „ Lercpean commodities, to be from thence gran} = 
— "red by veſſels, to ſome other market; or elle, 
1 h water is to be found for ſhips, when no other 
K | place 
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place is near hand, as is St. Helena; ſuch fituation 
may be fortified, and become very uſeful. 

There are many ſituations in inland countries, whid 
we have not taken notice of here, and yet 
be advantageous for building large fortified pla 
becauſe their uſefulneſs depends on too many circun 
ſtances to- be enumerated ; therefore we ſhall obſer 
in general, never to build a large fortification, a 
cepting near er rivers, which may ſerve {x 
conveniency of trade, and to be a ſtrong barrier tut 
ſtate; or to ſtop a paſs, through which an enen 
might enter into the country; for where there is 
river, he may paſs by and leave the place behind hin; 
hills that command any of the works, or hollow rot 
through which an enemy may approach, ſhould k 
avoided ; and in general, the ground ſhould he len 
and free from trees, or any other thing, which m 
favour an approach under cover, for a mile all round, 


SE CLE. 
How to make the Pan of a FORTRB 


L 7 HEN a ſtate has reſolved to build a for 
an engineer is to ſurvey the ſpot 'of gre 
upon which it is to be, very exactly, and to dray | 
plan of it very diſtinctly, on a large ſcale, which n 
extend at leaſt as far as cannon ſhot beyond an 
the outworks, together with ſeveral ſections or pro 
ſo as to expreſs the heights of the moſt material ino 
lities of the ground; if there be any river or ſtand 
waters near it, their breadth and length muſt not. 
be taken and expreſſed in the plan, but likewiſe al! 
ſoundings, in order to know whether any ſhip 
ſmall craft can come there. | 

If there be any hills or high grounds, or 0 
roads near hand, they muſt be carefully expre 


dect. 4. FORT IFICATION. 1231 


both in the plan and ſections; after which the engi- 
neer muſt compoſe a memorial, containing an exact 
and diſtin& account of the nature and fituation of the 
ground; if rocky, hilly, marſhy, or even ; if there is 
z river, whether it is navigable or not; or if there be 
a lake, whether it may be uſeful for navigation, or to 
rengthen the works; if there is a good foundation to 
build upon; whether there are ſprings or river water 
o be had for the uſe of the garriſon; and wood, coals, 
r turf, for fuel. a 
If the materials of which it is to be built, are to be 
ad upon the ſpot, or if at any diſtance, how they are 
be brought by land or water z the nature and quali- 
of the materials; their prices, and that of the work- 
anſhipz and above all, whether the works are to be 
uilt with ſtone or bricks, where to be had, whether 
y quarries are near hand, or proper clay to make 
ricks, and fuel for burning them; where to get the 
me and ſand, whether the materials are good, or bur 
different; in ſhort, it muſt contain every thing re- 
uired for the building of the place, and for its main- 
ance, EI 
This memorial, together with the plan and profils 
| the ſituation, being laid before the council, which 
$ the direction of ſuch works; who ought to ſend 
ree or more of the moſt able engineers to the place, 
order to examine every particular, and to obſerve, 
hether the plan and memorial are both conformable 
the ſituation z if not in all particulars, to correct 
m; and when they are ſufficiently acquainted with 
ery thing, to make a plan of the fortreſs, in con- 
tion, conformable to their inſtructions, and the 
niequence of the place. | 
For it is my humble opinion, that ſuch an under- 
ing ſhould never be truſted to the judgment of one 
gle perſon, ever ſo well qualified, as it is too often 
cuſtom ; and when they all agree in their opinions, 
ur plan is to be made on a ſcale of 30 fathoms to an 
K 2 inch 
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inch at leaſt, with proper profils, in order to lay then 
before the council, with a new memorial, expreſſing 
their reaſons for making ſuch works preterable to ay 
other, with references to the plan, and why the fax 
treſs is made of that extent. 

But in caſe the engineers ſhould not agree in all th 
particulars ; ſeparate plans muſt be made by each, and 
the reaſons given in writing, in order to be dacided by 
the council, which of them is to be made uſe of; al 
this ſhould be done with the utmoſt candour, and with 
out any views of intereſt, or preference in reſped u 
capacity, or any thing elſe whatſoever, contrary to the 
true intereſt of the nation. | 

In making the plan of a fortreſs, particular regat 
muſt be had to the three following conſiderations: 

1. The expence neceſſary for the building of it. Fors 
it is generally very great in ſuch undertakings ; by i 
crealing it without neceſſity, or the importance of ti 
place requiring it, inſtead of being an advantage, 
becomes a burthen to the nation. 

2. The number of troops required to guard and diſn 
it, together with the quantity of artillery and ammuniti 
for a fiege. For if this expence ſhould be equal to, o 
exceed the revenue or advantage ariſing from it; it 
plain, that inſtead of being an advantage it would bel 
diſad vantage. oa») 

3. The extent or capacity of. the place, with reſptd | 
the ſpace taken up by the works of fortification. For it 
ſhould happen, as we are not without examples, tl 
the town could not contain a ſufficient number « 
troops to defend it, beſides the inhabitants, it 1s" 
dent, that it may be taken with Jeſs expence than! 
other of fewer works, provided with the ſame num 
of troops; as each work would be capable to mak 
proper defence; and conſequently, a great expeid 
would be thrown away on ſuperfluous works to! 
manner of purpole, . 


1 r dd Eee 
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There are many other conſiderations to be had; as 
that the works ſhould flank or defend each other in 
the moſt direct manner poſſible; that the communica- 
tion from the body to the outworks, may be eaſy and 


te cecure, as well as thoſe from one work to another: that 
che works are properly adapted to the nature of the 
ay WJ tuation ; if the ground is low, tenaillous, lunets, or 
M ccond ditch and covert way, ought to be made; if 
ric pe vel, ravelins and covert way only; if there are any 
An ollow roads leading to it, ſome works that flank it in 


direct manner; if there are any hills or riſing grounds 
hat command ſome of the works, little forts or re- 
doubts ſhould be made there, with a ſecure communi- 
ation to the fortreſs; or elſe traverſes are to be made 
in the works themſelves, eſpecially, if they are ſeen in 
he rear : If the place is large and of great conſequence, 
horn or crown works are uſeful to ſecure the gateways, 
br a ſpot of ground which might be advantageous to an 
nemy : In — engineers ſhould be ſparing in their 


fe orks, to make no more than what are barely neceſſary, 
nnd whereby viſible advantages are gained, both on 
0 count of ſaving expences in the building, and in the 
It aintenance of a garriſon to defend it, and 1n every 


hing elſe neceſſary for its defence. 
When an old place is to be fortified, . that has ſome 


orks ſtanding, the director ought to endeavour to find 
ri be reaſons which engaged the builder to make theſe 
, th orks; which being known, he muſt conſider whether 


hey anſwer the intent, and if not, how to change, 
ther partly or the whole, ſo as to anſwer better, to 
ake uſe of part of the old works, if not the whole ; 
nd never demoliſh old works to build new ones, with- 
put abſolute neceſſity, in order to diminiſh the expences. 
have ſeen projects for demoliſhing old works and to 
Puld new ones in their ſtead, which were not ſo good 
much; this will always happen, when an engineer 
s entruſted with works, that does not underſtand his 
ulineſs ; and thoſe very people, are generally the molt 
K 3 ambi- 
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ambitious to ſhew their own performances, whether 
right or wrong. 

Situations which are partly fortified by nature, ſuc 
as when there are any precipices, rocks, or which an 
partly ſurrounded with water, are very Convenient; 
for the other part may be fortified at an eaſy rate, be 
ſides the place requires but a ſmall garriſon to defend 
it. When the ſituation is rocky, care muſt be tak 
to make uſe of the rock for the facings of the works 
as much as will agree with the plan, which will ſax 
expences ; blowing up the higheſt parts to riſe th 
lower ones; but it muſt be taken notice, that ea 
work is to be of the ſame level, or nearly fo, even 
where, and that the inner ones riſe gradually abox 
thoſe before them. 

When the plan of a fortreſs is fixed upon, the pv 
fils muſt be determined, and it muſt be conſidered 
whether the works are to be wholly faced with wal 
or partly, how much the height of the body is to a 
ceed that of the outworks. Engineers vary very mud 
in their opinions, in reſpect to the heights of te 
works; Mr. Vauban made the body of the place b« 
8 feet higher than the ravelins, and theſe higher bi 
feet than the glacis : Mr. Coeborn did the ſame neat 
but made his capital ditch narrow and deep, when t ;. 
the former made it wide and ſhallow ; the latter cow 
the wall of the body very much, ſo that it cannot nen 
battered for above three feet below the horizon, brag 
the works cloſer to each other, and makes their® 
fence ſhorter ; the broad ditch, on the contrary, d 
covers the wall to the very foundation; but when un 
ditch is dry, works may be raiſed in it ſo. as to mak para 
good defence; the paſſage through it to the br 
may be obſtructed and diſputed for a long while. 
for my part, I think a middling width is preferab*" 
a large one; that is, I would never make the cap 
ditch above 16 fathoms at the ſailant angle of the & 
tion, when the exterior {ide of the polygon is 2 

5 * 
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noms, and ſo in proportion to the length of the 
des. | 3 

The reaſons given for making high ramparts, are, 
hat they cover the houſes and other buildings better 
han low ones, and that the enemy may be fired at 
rom all the works in the ſame front, without incom- 
oding thoſe in the outworks. To this it is objected, 
hat when the works riſe gradually one above the 
ther, the enemy may ruin the defences all at once, 
rom the firſt batteries he makes, and then may ad- 
rance without having any thing elſe to fear than the 
ire of the ſmall arms; beſides the rampart of the place 
decomes very high, and of conſequence, increaſes the 
xpences conſiderably. 


bor On the contrary, if the works were made nearly 
l of the ſame height, the guns placed in the inner 
2 Works cannot be diſmounted till the outer works are 
een, excepting by ſhells ; but the chance of diſ- 
wal ounting them is ſo very little, that it may be looked 
0 0) don as inconſiderable. 
mug Another material advantage ariſing from this method 
u chat the height of the body of the place is much 
be els than the former, and therefore the expence of 
yl building it conſiderably diminiſhed : As to not being 
ca) dle to fire at the enemy from all the works at once, 
here t is of no conſequence ; becauſe the outward works 
= Ill hold as many guns as are required to keep the 


nemy at a diſtance, and as he approaches, theie guns 
ay be brought into ſome others, when it is not ſafe 
0 keep them longer there. 

For my part, I would make the heights of the 
Forks ſo as to terminate in a right line drawn from the 
parapet of the body to the extremity of the glacis, be- 
auſe by this means great expences would be ſaved ; 
he enemy muſt batter the works one after another, 
and therefore raiſe as many batteries as there are 
orks; beſides you may at any time fire en barbet 
4 from 
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from any of the works you pleaſe, or is found mol 
convenient, | | 

Mr. Vauban uſed to raiſe his revetements as high x 
the parapets, excepting at New Briſac, where they ut 
not above 3 or 4 feet above the level of the fields: ard 
to build very ſtrong counterforts behind them; where 
as Mr. Coehorn, who was more ſaving, made then 
only even with the level at Bergen-op-200m. 

This method is very good, becauſe it ſaves gien 
expences in the building, and when the place is beſieg- 
ed, the enemy can batter but a very little part of the 
wall; it requires more time to make a breach, a 
leſs expences to be repaired ; whereas when the wal 
reaches quite up to the top, by battering it as low a 
can be, the upper part tumbling down all at one, 
makes a breach in a ſhort time; and the experce d 
repairing them is very great. | 

Some will have the walls to begin from the bottom d 
the ditch, without making very deep foundation 
It is certain, that the burying ſo much maſonry unde 
ground is of no other advantage than to ſupport itt 
walls above them: And when a foundation can be 
made firm with piles or other ways, it would ſat 
great expences. This may be done in wet ditches 
becauſe the wood being always under water will neu 
periſh ; but it is not ſo in dry ones, unleſs the botton 
is very good, the piling cannot be depended on; be art. 
ſides the foundations in the faces, where the breachs 
are made, ſhould be as deep as can be, becauſe te 
enemies miners will otherwiſe carry galleries under ie 
wall and blow it up, in leſs time than the breach a 
be made by cannon: But in the gorges, or count 
ſcarps where no breach can be made, nor any dang 
apprehended for making mines, it would be extra 
gant to lay the foundations any deeper than is juſt it 
ceſſary to ſupport the walls above them. 
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er.. 
To make the gſtimate of a FOR T RESS, 


HEN the plan of a fortreſs is drawn with pro- 
per profils and elevations, and every thing ex- 
preſſed on paper that can be done, or is neceſſary; all 
the angles and lines not given by the conſtruction, 
uſt be found by trigonometry, according to the man- 
ner of the ſpecimen given in our Elements of mathe- 
natics, page 209 : The quantity of maſonry muſt be 
omputed in the manner taught, in page 261, as well 
is the excavation and tranſportation of the earth, and 
he expences of making the ramparts, parapets and 
placis: then if the prices of the ſeveral materials are 


| 


ni aovn in the country where the fortreſs is to be built; 
s, will be eaſy to make a proper eſtimate of the ex- 
nan ences that a ſtate will be at, in order to have the 


york executed, 

As it is impoſſible to determine the prices of the 
materials, which change in every place, according as 
hey are near or upon the ſpot, and as the labour is 
ear or cheap; we ſhall content ourſelyes here, to 
give only the quantity of work of all the material 
parts; which together with the experience an engineer 
muſt have before he is employed in ſo great an under- 
ing, and the knowledge of the form uſed in the 
ountry, to repreſent it to the directors of theſe kind 
works in a proper manner, vill be ſufficient for our 
eader to underſtand what is neceſſary upon ſuch an oc- 


alion, 


To compute the QuanTiTY of MASONRY. 


Plate VI. Fig. 1. We ſhall ſuppoſe, that the for- 
els is a regular pentagon, with ravelins, covertway 
EL, and 
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and glacis; that the exterior ſide AB is 180 fathom, 
the faces A H, BE, to be 50; the perpendicular CD 
30, according to Mr. YVaubay's firſt method. Noy 
becauſe we have found in our Elements, page 211, the 
flanks to be 27.27 fathoms, and as there are 10; the 
ſum of their lengths will be 272.7 fathoms, or becauſe, 
we ſhall expreſs all the contents by cubic yards, which 
is the uſual method here in England, and each fathon 
is two yards, the fum of the _— of all the flank; 
will be 545.4 yards: We have li cewiſe found in th 
ſame page, that the length of the curtain FG, i 
76.39 fathoms; and as there are five, the ſum d 
their lengths will be 381.95 fathoms, or 763.9 yards: 
And ſince the faces AH or BE, are 50 fathoms by 
conſtruction, the ſum of 10 faces will be 500 fathom 
or 1000 yards. 

It may be obſerved, that it is the ſame thing to mu 
tiply each length by the number of ſquare yards cov 
tained in the profil, or to multiply the ſum of all th 
lengths, by the ſquare yards contained in the profi, 
whence by adding the ſums of the lengths of the fac 
1000, the flanks 545.4, and that of the curtains, 7639 
we ſhall have 2309.3 yards, for the ſum or total of i 
the lengths of the body of the place, | 

Fig. 2. Now if the height of the profil A BCI 
be zo feet, or 10 yards, from the foundation AD 
the cordon BC; the reſt of the parapet is ſuppoſe 
to be of earth only; then if the wall is of ſtone, + 
cording to our tables, the thickneſs BC above will 
5 feet, and that AD near the foundation 11. In o2ſe Pl 
to find the area AB CD, we muſt add the two pant 
ſides AD and BC, which gives 16 feet, and milt 
ply half the ſum 8 by the height AB, 30, vis 
240 ſquare feet, and ſince g ſquare feet make a {qu 
yard; if we divide 240 by q, we ſhall get 26+ (qu 
yards for the content of the profil; excluſive 0 
foundation AD III, and the counterforts; ther- 
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we multiply the total length 2309.3, found above by 
262, we ſhall get 61581.3 cubic yards for the content 
o maſonry contained in the body of the place, exclu- 
ve of the foundation and the counterforts. | 

If we ſuppoſe the foundation A H to be 6 feet deep, 


wr ind 12 broad, as they are rectangular we need but mul- 
nch che baſe 12 by the height 6, which gives 72 ſquare 
ct or 8 ſquare yards for the area of the foundation : 
ud therefore this content multiplied by the total length 


309.3, gives 18474. 4 cubic yards for the foundation, 


9 order to find the content of the counterforts, we 
* uſt conſider that their whole Fi HB is 36 feet; 
| b he length of the baſe H K, 8.6 feet according to our 
4 ables: and if the diſtances from the center of the one 

0 that of the inext be 16 feet, their breadth will be 4 
net by what has been ſaid in the firſt ſeftion : whence 
* ultiplying 8.6 by 4, we get 34.4, feet for the area of 
e baſe or 3.8 2 ſquare yards; and this multiplied by 
eee number of yards, 12, contained in the height gives 
= 5.8 2 for the content of one of the counterforts : The 


umber of counterforts is found by dividing the total 
ength of the works, by the diſtance between the center 
pf one counterfort to that of the next: and ſince the 
otal length has been found to be 2309.3 yards, and the 


— 2 
. 


4 liſtance 5.4.3 we ſhall have 433, for the number of 
I oonterforts; and as the content of all the counterforts 
equal to the product of the content of one multiplied 
un heir number; it follows that 433 multiplied by 
ore 45·84, gives 19860. 2 yards for the ſum or total content 
0 all the counterforts. Whence we get for the quantity 
br maſonry of the body of the place 


wall 6181.3. 
The content of the 5 foundation 18474-4- 
counterforts 19860.2. 


Total content 9995.9. 


—— 
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Having found the quantity of maſonry contained i 
the body of the place, the next thing is, to find thy 
contained in the faces of the ravelins, which we fl 
ſuppoſe 24 feet high, and whoſe profil is repreſents 
by the third figure, the thickneſs above BC near th 
cordon is 4 feet 4 inches, and near the foundation 
feet 11 inches, the ſum of the two parallel ſides willh 


14 feet, 3 inches, half of which multiplied by th I 
height 24, A B, gives 171 feet, or 19 yards exafh, ” 
for the content of the area AB CD of the profil, a 
cluſive of the counterforts and foundation. 
Now becauſe the faces of the ravelins, are 51.9; ff 
thoms, according to our Elements, page 215 ; and tn F-* 
of them will be 517.5 fathoms, or 1035 yards; ts" 
length being multiplied by the area 19 of the prolj 
gives 19665 cubic yards for the content of maſonryd 1 
the five ravelins, excluſive of the foundation and c 
terforts. 25 | - 
er the foundation to be ſix feet deep, and 1 BM © 
broad; then the product of 11 multiplied by 6, gite 5 
66 feet for the ſection of the foundation, or 7 + . " 
yards; now if this content be multiplied by the w 
length 1035, we ſhall have 7590 cubic yards, for u : 
content of the foundation. | 0 
The length L A of the counterforts is 7 feet, . 
the height HB 3o, including the foundation; tber If 
fore the area of the counterfort K B, will be 210 ft, : 
or 23 4 ſquare yards; and if the diſtance of the cents *. 
of one counterfort to that of the next be 16 feet, y 
thickneſs will be 4 feet, or 1 4 yard; whence mull. e 
plying 23 f, by 1 4, we ſhall get 31 cubic yards n= 
ly, for the ſolid content of one counterfort. If ves N. 
vide the total length 1035, by the diſtance 7, . 
ſhall get 194 for the number of counterforts conta es 
in the ravelins ; and therefore this number 194, te 
tiplied by the content 31 of one, gives 6014 n 


yards, for the total content, Conlequently, che que 
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ty of maſonty contained in the faces of the ravelins 
jill be * 


as * 


ba 1-0 19665 

al The content of the & foundation 7390 
te counterforts - 6014 
the — 
ng 33269 

lde 


It remains now to find the quantity of maſonry con- 
ined in the counterſcarp; ſuppoſe the fourth figure 
o be the profil, which is 16 feet high, from the foun- 
Jation, 2 feet above, and 5 feet 2 inches near the 
oundation, according to aur tables; the two parallel 


WW = # 


A des being added, gives 7 feet 2 inches, half that ſum 
pied by the height 16 feet, gives 57 + ſquare 
nll et, for the area, or 6.4 yards nearly. I 


The length of the counterſcarp is not found without 
good deal of calculation, which we have explained in 


fer our reader, and content ourſelves by giving the 
mount as found there, for the length before one front, 
hich is 290 fathoms, or 380 yards; and as there are 
ve fronts, five times this number, gives 2900 yards 
or the total length; this length being multiplied by 
he content 6.4 of the profil, gives 18560 cubic yards 
r the content of the wall, excluſive of the foundation 
nd counterforts. | 

If the foundation is 5 feet deep, and 6.5 wide; then 
e product of 5 by 6.5 gives 32.5 ſquare feet, or 3.6 


* guare yards nearly, for the ſection of the foundation; 
” Fs this number multiplied by the total length 2900, 
«<> 12440 cubic yards for the total quantity of ma- 
ve 68 7 in che foundatian, 


Now becauſe the height of the counterforts is 21 
et, and their length 4; the product of 21 by 4, 
ves 84 ſquare feet, or 9 ſquare yards for the area 
| the counterforts z and if we ſuppoſe as before, the 
ſtance from the center of one to that of the next, 
d be 12 ſcet, their thickneſs will be 3 feet or one 
yard 3 


bur Elements, pages 214, 215, and 216; to which we 
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yard; therefore the content of one counterfort will h 
9 + cubic yards. | 
If the total length 2900 yards be divided by 4 yu 
their diſtance, we ſhall get 725 for the number g 
counterforts, which being multiplied by the conte 
9 + of one, gives 6766.6 cubic yards, for the tui 
content of maſonry in the counterforts. Hence th 
total content of the maſonry contained in the counte: 
ſcarp will be | 
c wall 18560 
Content of the 5 foundation 10440 
counterforts 6766 


Total 35766 


—ͤä ———ů— 


Having thus found the quantity of maſonry ch 
tained in the ſeveral parts, according to the plan ad 
profils here given, by adding them together, we ful 
have the content of the whole, excluiive of bridgs 
gates, and under-ground works. 
| | body 99916 - 

Content of the 4 ravelins 33329 
| counterſcarp 33766 


Total content 168951 


Theſe computations may alſo be performed as i 
lows ; add the areas of the profil and foundations 
that of one counterfort divided by 4, and the fun 
multiplied by the total length, gives the whole cor 
tent at once. Thus in the counterſcarp, the aread 
the profil is 6.4 yards, that of the foundation 3.6, * 
that of the counterfort 9 3, this laſt divided by 4, 8 
2.3 +. Now the ſum 12.3 + of theſe three areas mi 
tiplied - by the total length 2900, gives 35766 cube 
yards, for the whole content of the counterſcaſ 
which is the ſame as before: The ſame thing will 
true in regard to the reſt of the computations. 
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Although this is not the exact content of the maſon- 
ry contained in this fortreſs, becauſe there are ſolids in 
every angle, ſuch as are repreſented in the fourteenth 
plate of our Elements, which muſt be conſidered when 
the works are meaſured, as well as the coping ſtones; 
yet this menſuration is ſufficient for an eſtimate. There 
are many engineers that are not ſo exact in their com- 
putation; for how could it be, ſince few of them have 
ſcarcely the leaft notion of geometry, without which, 
it is impoſſible to compute to an exactneſs any thing 
of this kind, 


H. 


To compute the EXCAVATION of the DITCHES. 
The method of computing the quantity of earth 


ned in the ditches of the body of the place, and 
„ clins, is reduced to the finding their areas, and then 
92 o multiply the ſum by the depth of the ditch, that is, 


by 16 feet, or 5 + yards. But by reaſon of the ir- 
egular figures, they muſt be divided into parts, in the 
following manner. From the point B draw BL per- 
pendicular to the counterſcarp ; from the angle F of 
he flank F draw F T, perpendicular to the line of 
efence GE, and from the point D, D V perpendi- 
ular to the counterſcarp I L produced; then if B K 


15 {0b the capital of the baſtion produced, we muſt find 
ons ue ſpace ILB D, the triangles GEF, DGH, and 
nde circular ſector LB K, in order to get the area of 
ebe great ditch before one of the fronts. Eg 

read The length IL of the counterſcarp has been found 
„ our Elements, page 214, to be 87.85 fathoms, or 
970 75-7 yards, BL is 40 yards by conſtruction; and 
mu the right angled triangle D VI, we have DI, 25.93 
cb choms, or 51.86 yards, by page 215 ; and the angle 
ſcan” | V, 74 degrees and 35 minutes; by which we find 
vill e perpendicular DV to be 50 yards, and the baſe 


V 13.78, by adding IV to IL, we ſhall have VL, 
59.48; and if we add the two parallel ſides __ 
, 
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DV, we get go, and half their ſum 45; multiplied 
by V L, 189.48, gives 8526.6 ſquare yards, for the 
ſpace D V LB, from which we muſt ſubtract the tr. 
angle DV I, in order to get the fpace DILB; bu 
the ſide I V, is 13.78, and the perpendicular D V, 6 
half the product of theſe numbers, gives 344.5 for th 
area of the triangle DVI, which being ſubtracted fron 
the content of the area VLB D, leaves 8182 ſquar 
yards for the content of the ſpace DIL B. 

The next thing to be found is the area of the ti 
angle GFE, in which the fide FG is 76.39 fathony 
or 152.78 yards, the fide E F, 54-54 yards, and th 
ſide. E G, 170, 28 yards; having the three fides of 
friangle, the ſegment E T 1s found by ſaying the ſun 
207.32 of the ſides GF, FE, is to their differenc 
08,24, as the baſe GE, 170.28 is to the different 
80.6; between the ſegments G T, ard TE, whid 
being ſubtracted from the baſe GE, 170.28, gin 
89.68, half of which 44.84, will be the leſſer ſegment 
ET; therefore the difference between the ſquares d 
E F, 54.54, and ET, 44.84, will be equal to te 
ſquare of the petpendicular F T ; which will be found 
to be 31 yards. Now becauſe the two triangles GE cs: 
DG, have the ſame altitude, the ſum of their bas 
GE, 170.28, DH, 89.74 being multiplied by ti 
perpendicular FT, 31, half the product, gives 40% 
yards for the content of the ſpace EFG HD. 

It remains now to find the citcular ſector LBI; 
the angle LB K in a pentagon, is 108 degrees, Wl 
52 minutes, and the radius BL, 40 yards by c 
ſtruction; whence if we ſay 7 is to 22, ſo is then 
dius BL, 40, to the ſemi-circumference 12 5.7 neatl 
and again, 180 degrees is to 108 degrees 52 miputs 
or 108.86 degrees nearly, as 125.7, is to the arc Lk 
which is 76 yards; then half the product of this 
and the radius gives 1520 ſquare yards for thc c 
tent of the ſector LB K. N 
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Now if we add twice the ſum of the ſpace DIL B, 
9182, and the ſector LB K, which is 19404, to the 
pace HG FED, which has been found to be 4030, 
ve ſhall have 23434 ſquare yards for the great ditch, 
before one of the fronts. 

Laſtly, The area of the ravelins ditch is to be found; 
f from the extremities of the face NQ, we draw 
, Qn, perpendicular to the oppoſite counterſcarp, 
1: Then becauſe the width of the ditch is 24 yards 
dy conſtruction; and the face NQ, has been found 
our Flements, page 215, to be 103.5; the breadth 
eing multiplied by the length NQ, gives 2484 
vare yards, for the content of the area N Q 26. 
ln the right angled triangle Na, the perpendicu- 
r N is 24 yards, and the baſe ab has been found in 
pur Elements, to be 8.72 yards; and half the product 
f _ two ſides, gives 104.64 for the content of this 
riangle. 

The angle NQR has been found to be 73 degrees, 
nd 20 minutes; whence, if we ſay, as 7 is to 22, ſo is 
e radius 24 to the ſemi-circumference 75.4 ; and 180 
egtees is to 106, degrees, 30 minutes, or 106.5 de- 
rees, the meaſure of the angle Qn, ſo is 75.4 to 
e arc nm, 44.6 yards; and half the product of this 
c and the radius, gives 535.2 ſquare yards for the 
ntent of the ſector » Q. 

Now if we add the content of the triangle N þ a, 
04.64 to that of the rectangle NA, 2484, their ſum 
ill be 2588.64 ; and twice that ſum added to that of 
e ſector nQ #1, gives 5712.48 ſquare yards for the 
dntent of the ditch before the ravelin. 

Therefore if we add the contents of the great ditch 
434 to that of the ravelin, we ſhall get 29146.48 
uare yards for the ſum, and five times this ſum 
ves 145732.4 ſquare yards for the content of the 
ches round the whole fortreſs. | 


L If 


= B 7 2 KK K 5 


Ss DE. 


dations muſt likewiſe be conſidered; as there muithls 


the ſlopes of the walls are not to be taken in here, 


the height K R 16 feet, gives 160 feet, or 17.70 
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If this content be multiplied by the depth 
ditch 16-feet, or 5 + yards, we ſhall get 77723944 
bic yards for the total content of the ditches. 

This is- not the content of all the excavations wk 
made; that of the walls, counterforts, and their foal 


wiſe be room for the workmen to work, which e 
be leſs than two feet, beſides the thickneſs of 
wall, the length and breadth of the counterfortsz 


cauſe we have ſuppoſed the ditch to be dug pe 


cular. 
Fig. 2. Therefore if R T be the line 


the height of the ditch Sr foundation, Welt 


; 
» 


7 
1 
' 


find the thickneſs of the wall at T; which is dens 
adding one fifth of the height RM 14 feet, wi 
thickneſs BC above 5 feet, which gives 8 ſeet ug 
to which adding two feet more, according to what 
becn ſaid above, gives 10 feet, and this multiplied 


yards. Now the foundation D H being 6 feet 
and 12 broad, to which adding two feet on each 
gives 16, and this multiply by 6, gives 96 feet, or 
yards nearly; this added to 17.7, gives 28.4 "ll 
yards for the area of the profil; therefore 28.4 
plied by the total length 2309.3 of the body all 
place found before, gives 65584 cubic yards, for 
quaatity of earth to be removed on account of the ll 
Tue height of the counterforts K R is 22 feeh 
cluding the foundation, the length K H is 84 
to which adding two feet more, gives 10.6; th 
tiplied by 22, gives 233 feet, or 26 yards n 
Nov becauſe the thickneſs of the — bas i 
made 4 feet, by adding two more on each ſide, ff 
8 feet, or 2 4 yards, Which multiplied by. 26 
69.3 for the quantity of garth removed. on accaul 
one counterfart z and. as. there..are 423: of: them 
thall have 30007 cubic yards for. the total quanii 
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ch. This quantity; added to that above, gives 

$5.91 cubic yards for the total quantity to be removed ' 
account of the wall of the body of the place. 

Fig. 3. To find the quantity removed in the rave- 
where the height RM is 8, and the thickneſs BC 
feet; one fifth of 8 is 1.6, which added to 4.4, 

es 6, to which adding two feet more, gives 8 

is multiplied by 16, gives 128 feet, or 14.2 ſquare. 
ds for the ſection of the excavation. | 

The foundation has been ſuppoſed 6 feet deep, 

I-11 broad, by adding 4 to 11, gives 15, and this 

ltiplied by 6, gives 10 yards for the foundation; 
ſum of 14.2 and 10, gives 24.2 ſquare yards, 

ich being multiplied by the total length 1035, gives 

047, for the content of the excavation of the faces. 

The height of the counterforts KR is 22 feet, and 

air length K H, 7, to which adding two more, gives 

and the product of 22 multiplied by 9, gives 198 
of 22 yards; and fince the thickneſs of the coun- 

orts is 4 feet, by adding 4 more, gives 8 feet, or 
yards, which multiplied by 22, gives 58.6, for 
excavation made for one counterfort, and as there 

194 in all, this number multiplied by the content 

b of one, gives 11368 for the total excavation made 
the counterforts in the ravelin. This added to the 

ner, gives 36415 cubic yards for the total excaya- 


Fig. 4. Laſtly; It remains to find the excavation 
de for the counterſcarp: The thickneſs above is 2 
t, to which adding 2 more, yu 4, this multi- 
ed by the height 16, gives 64 feet, or 7 yards 
y. The foundation is 5 feet deep, and 6.5 broad, 
which additg 4 more, gives 10.5, and this multi- 
d by 5, gives 52.5 feet, or 5.8 yards nearly; and 
ſum of the foundation and the wall is 12.8 yards: 
| becauſe the total length is 2900 yards, the product 
Wis number multiplied by 12.8, gives 37120 cubic 
for the conteng of the excavation. 
L a » The 
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The height of the counterforts is 21 feet, ind thi 

length 4, to which adding 2 more, gives 6, the 
duct gives 14 yards for the content; and as the 
a yard thick, by adding a yard more, gives 2, 
by 2, gives 28 cubic yards for the content f 
counterfort; and ſince there are 725, the total conteal 
of all the counterforts will be 20300. And this ad 
to that of the wall 25047, gives 45347 cubic . 
Whence the content of the ditches 7e 


of the town-wall = 
of the walls of the ravelin zehn 
of the counterſcarp | 435447 


. Total content of the excavation of earth 954592! 


If it is known how many men are required ta 
the earth, either from the glacis or the rampaꝶi 
body and ravelin, and how much they remove 
day; the expence for removing the earth map 
pretty exactly computed; for there is no ſuchthil 
to form an exact account, many accidents happawou 
ivg the time of the works of this nature, $0608 
to any exactneſs; for example, if every” cubic 
coſts ſixpence to remove, and make the works 

cat, without any other expence either for i 
bridges, and roads z the expence of removing the 
quantity would amount to 23864 pounds, 16 Ihalll 

The computation of the quantity of earth h 

made upon the ſuppoſition that the ground i 
but as this is ſcarcely ever the caſe in real pn 
marks are left every where to ſhew the different 
that have been dug, and a proper reduction 11s 
in order to get the true quantity of earth rem 
for which reaſon the reader muſt * conſider wh 
been here done as the method by which he is 
ceed when a fortification is to be executed 
this is ſufficiently exact to make an eſtimate; mnt 
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As to the maſonry, it may at all times be known 
hat the ſtones coſt in the quarries, and for the bring- 
ng them on the ſpot ; as likewiſe the expence of cut- 
ng them, and to make the walls, when the ſituation 
f the fortreſs is once fixed upon: the ſame thing will 
jold good if the place is to be built either entirely or 
artly with bricks. 

But there are many leſſer articles, ſuch as the gate- 
ays, bridges, cazemats, powder-magazines, ſtore- 
ouſes, ' guard-houſes, barracks, &c. which cannot 
eſtimated without a great deal of experience in theſe 
ind of works : therefore an engineer muſt be well ac- 
vainted with it before he is able to undertake ſuch a 


$S' ECT. VI 


0 trace the planof a FORTRESS on the 
GROUND. 


F the ground is uneven, filled with buſhes, hedges, 
ditches, or any other obſtacles, which hinder the 
tions from being ſeen, it is neceſſary to trace the ex- 
nor ſides in a rough manner, in order to clear the 
ound, and then trace the works over again more 
Ktly, If the fortreſs lies near a river, the fide next 
it muſt be traced firſt, ſo as to agree with the pro- 
ed plan; or if there are any buileings which, are 
be incloſed, you begin with that ſide firſt, which. 
ugs them in their proper ſituation; The greateſt 
culties happen when the fortreſs is to be built on a 
cent of a rock or hill, where the works lie not all 
the ſame level; in ſuch a caſe, great care muſt be 
en to make proper allowances for raiſing and falling 
be works, in order to place them in ſuch a manner 
the exterior works be always commanded by the 

L 3 : inte- 
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interior ones; it is here where an engineer requi 
great ſkili and knowledge to make the different pan 
anſwer their true intent. | 

There are two different inſtruments commonly uſ4 
in tracing the works on the ground; which are th 
plain table and the theodolite. 

The plain table is the moſt ſimple, but it is not f 
exact; for which reaſon, I would never uſe it, but i 
ſmall forts, ar works of no great conſequence. 

When a plain table is uſed, the plan muſt be dram 
on a large ſcale, at leaſt of go fathoms to an ing 
which is faſtened with ſealing wax to the table, fo as v 
lay quite ſmpoth and even ; then by means of a 
with ſights, the angles are laid down on the ground 
and the lengths of the lines meaſured by a chain an 
rod: But when the theodolite is uſed, the lines an 
angles muſt be faund by trigonometry, in the ma 
ner given in our Elements of mathematics. 

This being done, the angles muſt be traped on ti 
ground with the inſtrument, and the lines laid down: 
before. But to explain the manner of uſing both thel 
inſtruments, we ſhall begin with the plain table, an 
ſhew how the body of the place is to be traced 
and then how this is to be done with the theo 
lite. 


To trace the PLAN of a FoRTRESS With a PLAN 
rr. 


Plate VII. Having faſtened the plan on the tabl 
in the manner mentioned before; which we hall fu 
poſe to be a regular pentagon, of the ſame dimenkio 
25 in the laſt plate: Suppoſe the point O to be th 
center of the place: place the table exactly over in 
point O, ſo as the center on the paper is exactſy or 
the center on the grourd, lay the edge of the rule 
along the radius or capital OA, and turn the tabk 
ound, till the point A is ſeen through the hg 
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place a piquet or ſtake in that direction; keep the 
table ſteddy, and turn the ruler about the center O, 
till it is in the direction O B on the paper, and place a 
piquet at any diſtance in that direction; keeping the 
table in the ſame direction, lay the ruler on the capital 
OC, and place a piquet in that direction, and proceed 
in the ſame manner with the capitals O D and OE; 
this being done, ſett off theſe capitals with a chain in 
the moſt exact manner you can, which gives the five 
points A, B, C, D, E; now to be certain, that theſe 
points were rightly determined, the exterior ſides A B, 
AE, &c. muſt be meaſured with the chain, and if 
they are the ſame length as they ſhould be, you are 
certain that theſe points are right : but if the exterior 
ſides are either too ſhort or too long, the capitals muſt 
be meaſured again, till ſuch time that every line on the 
ground is exactly of the ſame length as thoſe on the 
paper, 
Having determined the exterior ſides, the table is 
placed at A, and by the help of the ruler turned ſo as 
the two exterior ſides AB, AE, on the paper coin- 
de with thoſe on the ground; then keeping the 
table in that poſition, and laying the ruler along the 
face A F of the baſtion, and a piquet being placed in 
that direction; then the face A F is meaſured by the 
hain, which gives the point F; the table is placed 
ver this point, ſo as the line A F on the paper agrees 
xaftly with the ſame line on the ground; by keeping 
he table in that poſition, and directing the ruler along 
he flank FG; then a piquet is planted, and the length 
f the flank meaſured, which gives the point G. 
After this the table is carried to the point B, and 
med fo as the exterior ſides BC, BA, on the paper 
wgree with the ſame lines on the ground; keeping the 
able in that poſition, the ruler is directed along the 
ace BL, and a piquet-planted in this direction; then 
7 ſetting off go fathoms for the-length of the face, 
or B to L; the point L is given; ro which the 
L = table 
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table being carried and turned ſo as that the face BL 
upon the paper, agrees with that line, on the ground: 
then direCting the ruler along the flank LH, and 
planting a piquet in that direCtion : by ſetting of 27.27 
fathoms for the length of the flank from L to I, 
which determines the flank and curtain. 

Now to be certain, that this front has been rightly 
traced, the diſtance from H to G mult be meaſured, 25 
to fee whether it is 76.39 fathoms as it ſhould be, and the 
from the points A and B, it muſt be obſerved, whether on 
the points B, L. G. and A, F, H, are in a rigit WW ke 
line; if this is ſo, the front is rightly traced, and if mu 
not, it muſt be traced over again, till every thing fn 
comes out right. 

The ſame operations muſt be performed at every WW thi 
ſide of the place, by which the body will be finiſhed WW fup 
for the preſent, becauſe the rampart and parapet, ain 
well as the thickneſs of the wall, are determined aiter- WW and 
wards. | teri 

If the fortreſs is either irrregular, or there are any Wis p 
buildings in the way, in ſuch a manner, that the 
points A, B, C, D, E, cannot be ſeen from the cen- 75 
ter O: The exterior ſides AB, BC, C D, D E, muſk 
be traced ; that is, the table is placed at A, in ſuch: 


manner, as the exterior ſide A E on the paper be n : 
the ſame direction with A E on the ground; then, by WM.” a 
keeping the table in that poſition, and directing the 0 


ruler along the ſide AB, in which a piquet is planted, BW F 
and the lengths of the two ſides AE, AB, meaſured, p 


which gives the points E, A, B; this done, the tabi 360 
is carried to the point B, and placed ſo as the ſide BA * 
on the paper agrees with that line on the ground; then "s 
the ruler being directed along the fide BC, and it 0 
length being ſet off in that direction, gives the point G; * 00 
in the ſame manner is found the ſide CD; and if tht 


diſtance DE is found to be of its proper length, and 


the angle AED agrees with that an the paper, the es 8 
tema 


i. ea. 6. FORTIFICATION. 153 
L ior ſides have been rightly determined: after this, 


d: the reſt is performed in the ſame manner as before. 

ind f the polition of any other line is determined either 
27 Wl by buildings or a river, you are to begin with that line 
H, nnd find by its means the exterior fide next to it, and 


from thence you proceed as before: Thus if the direc+ 
tl; WH tion of the line CD is given, on account of a river, ſo 
ed, 25 to bring the greateſt part of it into the great ditch 
and WW the table is placed at C, and directed fo as the line CD 


her oa the paper agrees with that line on the ground; then 
git keeping the table in that poſition, and directing the 
d if WY ruler along the exterior ſides C D and CB; the reſt is 


finiſhed as before, 

\When an old place is to be fortified, it often happens, 
that the ſituation of one of the curtains is determined; 
ſuppoſe G H; then the table is placed at G, and H. 
in order to find the flanks GF, HL; and then at L 
and F to find the faces LB, F A, which gives the ex- 
terior fide A B; this being done, the reſt of the work 


any ss performed as before. 
the | | | 
cen- Io trace the PLAN of a FORTRESS on the GROUND 
17 with a THEODOLITE. 
4 
4 When the fortreſs is regular, the theodolite is placed 
„ ele center O, and levelled by means of the croſa 


levels and ſkrews; fix the index to 360 degrees on the 
limb; turn the whole inſtrument round till the north 
nd of the needle hangs over the flower de luce, or 


— 360 degrees in the box; there fix the limb of the in- 
B a ment by means of a ſcrew underneath, then diſ- 
then arge the index, and turn it about till the vertical 
dr in the teleſcope cuts the ſtation A placed any 
tere in the direction O A; then adding the degrees 
Fuerte limb, which we ſuppoſe to be a cextain number 
„ degrees exactly, without any fraction, to the num- 
ee of degrees of the angle A OB, and turn the index 


d 25 to cut exactly the ſame number of degrees on the 


limb; 


154 PRACTICAL Patt WI < 
limb; this done, place a ſtation in the direction OB: BW d: 
adding again, the number of degrees of the angle 0 
BO C, to thoſe on the limb, and turn the index round, i th 
till it cuts the ſaid number, by placing a ſtation in the ch 
direction OC, and proceed in the ſame manner a WW th 
round, till the whole is finiſhed. be 
We prefer this practice to any other, becauſe the * 
needle cuts always the ſame number of degrees nearly, 0 
as the index does on the limb; but it may be done the 
thus, after having levelled the inſtrument, and fixe tur 
the index to 360 degrees, you turn the inſtrume MW lin 
round till the vertical hair cuts any ſtation placed in te 
the direction O A; then the limb is made faſt by BW off 
means of a ſkrew, and the index diſcharged, and turn. ext 
ed about till it cuts the ſame number of degrees as B. 
angle AOB at the center, which is here 72 degrees; r 
then placing a ſtation any where in the direction OB, Wt": 
and turning the index about till it cuts as many degres Wi: 
as are contained in the angle A OC, which is here 144; ber 
by placing a ſtation in the direction O C, the i- ber 
tue 


dex is turned round till it cuts the angle AO D, 216 
degrees on the limb, and fo on to the reſt ; this done 
and a ſtation placed in OD; then, the index being 
turned round till the vertical hair in the teleſcope cut 
tae firſt ſtation A; if the inden cuts exactly 360 de 
grees on the limb the angles are rightly laid down 
and which it will always do, if the inſtrument has un 
been moved. 3 ' 

The angles at the center being laid down very act 
rately, the capitals OA, OB, Ec. muſt be meaſuret 
with the ſame care; and to prove the work, the ext 
rior ſides AB, BC, c. muſt alſo be meaſured, an 
if they anſwer their dimenſions, every thing is right 
But if the fortification is irregular, or the points A, 
C, D, E, cannot be ſeen 'tfom* the center O; tt 
theodolite muſt be placed at any one angle as A, whid 
we ſuppoſe to be determined by the ſituation; after tf 
inſtrument is levelled; and the index placed P 30 

cor o 
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IM, 
B degrees, the whole inſtrument is turned round till the 
ole BY vorch end of the needle points likewiſe at 360 degrees: 
nd, the limb is faſtened, with the ſkrew and the index diſ- 
the charged. which being turned, fo as the teleſcope cuts 
al the ſtation in the direction AE, which is ſuppoſed to 
be given; then obſerving the number degrees 
the which the angle made by A E, with due ſouth and 
rh, WY vorth, ſuppoſe 5 degrees, which being ſubtracted from 
one RY the angle EA B, of the polygon 108 degrees, then 
xd WY turning the index round till it cuts 103 degrees on the 
gen limb, which is the difference between 5 and 108; 
4 in en placing a ſtation in the direction A B, and ſetting 
uc from A to B, 180 fathoms for the length of the 
m. exterior ſide A B: Now the theodolite being placed at 
the B, and the index fixed to the limb, the whole in- 
cs; ſtrument is turned, fo as the ſtation at A may be ſeen 
)8, WW through the teleſcope; then the limb is faſtened, and 
res WY the index diſcharged, after having obſerved. the num- 
44 ber of degrees it points at, to which adding the num- 


ber of degrees contained in the angle ABC, and if 
tie ſum exceeds 360 degrees, ſubtract 360 from it, 
and turn the index round, till it points at the given 
number of degrees, and looking through the teleſcope, 
the ſtation C is placed in that direction: the exterior 
ide B C being ſet off an the ground, gives the point 
C; from whence proceed in the ſame manner as be- 
fore, till you come to the point E; and when the in- 
ſirument is brought to the firſt ſtation A, and the 
angle E AB is found the ſame as before, the opera- 
ion is right. 

It may be obſerved, that by laying thus down the 


angles from the meridian, paſſing through the point 
git WF 3 the needle will always Les — the ſame number 
„degrees nearly in the box as the index on the limb, 
te bich being carefully obſerved at every ſtation, will 
hid ew whether any error has been committed, either by 
r ccident or miſtake, and if there be any found yqu 


duſt return to the former ſtation to correct it, before 
you 
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you proceed farther ; by which you fave the trouble of 
going over the work again, for a miſtake made per. 
haps at the beginning. Moſt engineers content them. 
ſelves, by laying down ſimply, the angles of the poly. 
gon without any meridian. | 

As all the angles and lines of a plan muſt be found 
by trigonometry, when it is to be traced on the ground 
with a theodolite, you place the inſtrument at A, and 
ſet off the angle BA F, and the length of the face AF, 
and then at F, to make the angle AF G of the ſhoul- 
der, and when the length of the flank F G is meaſured, 
the inſtrument is placed at the point B, and proceed in 
the ſame manner, to find the points L and H: then i! 
the points B, L, G, are in the ſame right line as wel 
as the points A, F, H, and the length of the curtan 7 
GH comes out right, you are certain, that no miſ- 
take has been made : The ſame operations are perform- 
ed with regard to any other front, by which the body | 
of the place is traced on the ground, | 

The next thing in hand, is to trace the counter- 
ſcarp of the great ditch; which is done in this manner; 
make the angle MDN, equal to 74 degrees, 35 mi- 
nutes, according to what 1s ſaid in our Elements, page 
214 ; and ſet off from D to N twenty fathoms, for 
the width of the ditch, trace a line in the direction 
NR, perform the ſame operation before the face ER, 
and you will have the ſtrait part of the counterſcarp; 
the round parts before the baſtions are determined by 
placing piquets at certain diſtances from each other, 
ſo as to be 20 fathoms diſtant from the ſailant angles 
of the baftions ; or if the ditch is not ſo wide, and 
that the chain may reach croſs, faſten one end of it to 
the piquet at D, and at the other end a looſe 1 
ſo as to reach the point N; then by turning the chan 
round the piquet at D, fo as to keep it always ſtrat, 
with the point of the other piquet you may trace the 
round part on the ground. Ty 
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4 To trace the ravelin, through the middle of the 
exterior ſide DE, mark a line S T, at right angles to 
it, in which ſet off 5o fathoms, for the length of the 
a capital of the ravelin, from the reentring angle S of 
ad the counterſcarp to the point T ; from the point T, 
11 a face two lines to the counterſcarp, which when pro- 
4 Wl £uced, ſhall meet the —_ faces of the baſtion in a 

b point X, within three fathoms, from the ſhoulder M. 

t As to the counterſcarp of the ravelins ditch, it is found 
by erecting 7 = mmgy at the extremities of the 
faces, each of 12 fathoms, for the width of the ditch : 
The round part is found as before. 


Jo trace the CoveRT WAY and GLacis on the 
GROUND. 


From the reentring angle à of the counterſcarp, ſet 
off 20 fathoms for the ſemi-gorges 4 b, ac, of the 
place of arms; faſten two chains or chords to two pi - 
quets placed at & and c, each of them of 25 fathoms 


mi- Jong; which being ſtretched, and fo as to meet at 4, 
age place a piquet there, and trace the faces & d, cd. If 
tor 


two points are marked with oem along each ſide of 
t 


tion the counterſcarp, and at 6 fa s from it, then the 
ZR, Ines traced in theſe directions will determine the co- 
arp; ert-way: and ſetting off two ndiculars to the 
yes of the covert-way, and at 20 fathoms from them: 
ther, be lines traced through their extremities will deter- 
igles nine the breadth of the glacis. The traverſes art en- 


15 traced on the ground, from their conſtruction on 
e pa N 


This is the moſt accurate way of tracing the plan of 


5 

chain WP fortreſs on the ground; and it may be obſerved in 
trait, eneral, that all works of what kind ſoever of this na- 
e the Hire, are always to be traced, by te help of the lines 


d angles, either given by conſtruction, or found by: 
'S8Mmometry, * 
For 
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For inſtance, to trace a horn or crown- work, on the 
ground; the angle which their branches make, either 
with the counterſcarp or the faces of the baſtion, muſt 
be found as well as the length of the branches, theſe 
being once known and traced, the reſt may be 
= 8 in the ſame manner as in the body of the 
place. | 

The manner of tracing lunets, tenaillons, counter- 
gards, and all ſuch works, differs ſo little from what 
has been ſaid before, that it requires no farther expla- 
nation, , 


| SECT. vn. 
The MsTHo of building a FORTRESS. 


FTE R having traced the principal or magiſtral 
A line of the — by the ground muſt be levelled 
round the body of the place, in order to chooke a 
mean between the different raiſings and fallings of the 

round for the level of the place, which ought to be 
uch that the earth of the higher parts may nearly fill 
up the cavities of the lower, and the center of the 

e muſt be marked, and is generally about fix feet 
higher than the above mentioned level, in order to get 
a proper deſcent for the running of the water into the 
. ditch ; this being done, a trench is dug all round for 
the foundation of the body-wall ; but care mult be 
taken, to throw as much earth out of the trench and 
ditch, towards the center of the place, as will maxe 
the rampart and parapet ; this may be done nearly by 
computing that part of the profil above the level ground, 
and cutting a trench of an equal ſection; it muſt like- 
wiſe be conſidered, how much earth will nearly be dug 
within the place, for cellars, conducts, ſaly- ports and 
cazemats. For the removing the earth out of ditches 
and underground-works, in ſuch a manner, as 11. 
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make the rampart and parapet, and the reſt for the 
olacis, is one of the moſt difficult taſks that can happen 
lnce it requires great {kill to do it ſo as not to have 
more than is wanted to compleat the work, and to 
prevent the moving of it over again from one place 
where it was thought neceſſary, to another, which in 
my opinion, is hardly poſſible, and therefore the leaſt 
removes will be the beſt. | 
Thar part of the trench made for the foundation 

any work towards the rampart, ought to be cut into 
ſteps, as may be ſeen in the eighth profil, Plate VIII. 
and as near the wall as can be, without any inconve- 
niency ; becauſe when the rampart is compleated, there 
will be only the earth which has been dug, that will 
reſs againſt the wall; whereby its reſiſtance becomes 
ſo much the ſtronger. In my opinion, the rampart 
ſhould not be made till ſuch time the maſonry is fer- 
led and dry, which requires at leaſt a twelve month, 
nleſs there is an abſolute neceſſity for it; for when 
tie damp earth is rammed againſt a wet wall, it will 
equire a great while before it dries, and perhaps this 
vill not happen at all, unleſs the mortar be very _ ; 
or which reaſon, I would mix cinders inſtead of ſand 
ith the lime, and to lay this mortar about a foot and 
half deep on the fide of the wall next to the rampart ; 
$ Will ſooner dry, and prevent the moiſtneſs of the 
h from penetrating into the maſonry. | 

To prevent the preſſure of the earth againſt the wall 
much as is pofſible, branches of all kind of wood 
e ſtuck into the earth, by horizontal layers, with 
e ſharp end as deep into the unmoved earth, and as 
m as can be, and a bed of earth well rammed, of 
alt a foot deep; in the manner repreſented in the 
ghth profil; when this is done, the wall has time to 


= well, and becomes quite hard before it ſuffers any 
ure, 
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| will 
Of the FouNDATI10Ns and the manner of laying then, Wi my 
x here 
Plate VIII. As the foundations of all buildings in e put 
general, are of the greateſt importance, in reſpect u or 
the ſtrength and duration of the work; we ſhall enter its, 
into all the moſt material particulars, which may hay. Wi" dan 
pen in different ſoils, in order to execute works with atom 
all the ſecurity poſſible; becauſe many great building fo 
have been rent into pieces, and ſome fallen down, for enter 
want of having taken proper care in laying the found. ect 
tion; and for a further explanation we ſhall join her ded | 
plans and profils, adapted to the moſt material ſituat-· It th 
ons that can be found, Jepth, 
Firſt, It is neceffary to examine very carefully the Wl be 
nature of the ſoil, upon which the foundations are ty "us 
be built; for doing this, proper augures are uſed wif > 
bore holes in ſeveral places 10, 12 to 15 feet deep, eſt, ar 
in order to diſcover the nature of the ſoil, and its he- e 
neſs; or if it is made of ſeveral layers or ſtratas, wich 
is commonly the caſe, the difference of their nature ant Planks, 
goodneſs ; this is known by their colour of the difficulty . | 
of piercing through them. & A 
If the foil be of a good conſiſtence, for a cmi de 
„without any water or ſoft ground, and ti 
holds ſo all round the foundation, there need no othet of of 
precaution be taken, than to lay the foundation fout wes , 
five, or ſix feet deep; only obſerving to enlarge 1M. . 
breadth, in proportion to the height of the walls w Ef , 
built upon them: Since the higher the wall is the me aN. 


weight the foundation muſt ſupport: Although tai n 
ſelf evident, yet engineers do not ſeem to mind It n 0 
decauſe they make commonly the baſe of the wall i 


proportion to the depth of the foundation, and not M, * 
the height of the wall. | bed 

If the ſoil be a hard gravel for about 10 or 12 f tan 
deep, the foundation may be built upon it, witho0e.. on 


any danger of its ſinking ; or if the ſoil be a ſtiff ci 
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will likewiſe be good; the firſt and ſecond figures 
preſent the profil and plan of ſuch a foundation; 
here there are two or three courſes of large ſtones to 
e put at the bottom; and the foundation projects by 
vo or three feet before, divided into as many re- 
ats, but not above a foot behind; becauſe there is 


l o danger of the wall falling backwards; this is the 
1 uſtom; but as for my part, I think there is no occa- 
fbr any projection at all backwards; ſince the 
„ onterforts are ſufficient to ſupport the wall, and this 
„ W'cjcction might be of greater advantage before, if 


ded to thoſe already mentioned, . 
If the ſoil be not very firm or hard to a ſufficient 


ill be neceflary to lay a grate of timber firſt croſs 
ys, and then long-ways ; or ſome lay them firſt 
ng-ways, and then croſs-ways, which ſeems to be 
eſt, and well bolted together with wooden trunnels, 
1s repreſented in the third and fourth figures: Some- 
mes, theſe grates are boarded over with three inch 
planks, as is marked in the profil; at others large 
tones are laid between the timbers of the grate, and 
ud even with them, upon which the foundation is 
terwards raiſed, 

Some engineers chooſe to raiſe the fore part of the 
ate of abour a twenty fourth part of its breadth, in 
cer to prevent the wall from being overſet by the 
reſſure of the earth, as it has ſometimes happened: 
ls precaution ſeems to me to be very neceſſary, eſ- 
cally when the rampatt is pretty high; and the 
wrics of ſtone in the foundation ſhould have the ſame 
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* than moſt, if not all of our modern engineers, has 
only laid his foundations in this manner, but like- 


M _ wiſe 


lepth, or when ſome parts are ſofter than others; it 


| 
| 
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wiſe the walls quite up to the top. This is confirm 
by L'abbè Dedier, in his perfect French engineer, when 
he ſays, that in repairing the works at Manbeim, which 
were built under the direction of Mr. Coeborn, the 
found that the courſes of maſonry where perpendiculx 
to the outward ſlope, whoſe baſe is one ſixth pan 
the height, and the walls were only about three fer 
thick above, without any counterforts. This being 
the caſe, and the walls being ſtrong enough to refit 
the preſſure of the earth, this manner of lay ing brick 
or ſtones, has greatly the advantage over that con- 
monly uſed. # 

If the ſoil be ſand, and of no hard conſiſtence; th 
grating the foundation is abſolutely neceſſary; or i 
the ſoil be a ſoft loom or common earth, it is alſo ne 
ceſſary to take this precaution ; and in general, wha 
the ſoil is doubtful, though not abſolutely bad, a giv 
ting ſuch as this cannot but be very uſeful in preventing 
the walls from ſinking ; and I muſt repeat it 2845 
when the wall or rampart is very high, particular cat 
ſhould be taken to ſecure the foundation in the bel 
manner poſſible; for it is better to do this, thoug 
ſomewhat more expenſive, than to run the chance d 
making bad work at an eaſier rate, which might proꝶ 
more burthenſome at the end. | 

It is neceſſary to obſerve, that when there 1s 1 
timber under the foundation, the firſt courſe of ſtons 
ſhould be made without mortar, becauſe its coroſi 
neſs deſtroys the wood; and in general, where 1 


beams or timbers are laid into the maſonry, inſtead i be 
mortar, {tiff clay is uſed round it; and ſome carpent tie; 
make thin caſes of wood round the parts which en Bf. 
into the wall, ove a 

When the foundations are ſo very bad, that . the p 
grate of timber mentioned before is not ſufficient, M oug 
is hard after a certain depth; upon ſuch an oc e fe 
it is proper fo drive piles, and then lay a grate oe chir 


them, luch as is repretented by the fitth and ſixth bean 
(68 
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teſe piles are to be placed exactly under the croſſings 
the timbers, to which they are faſtened with trunnels, 
are to be drove into the ground as far as they will 


0. | 
as this method of laying foundations happens moſt 
requently in the works of a fortrels, and is very ex- 


fe. rive, care muſt be taken not to make any more 
engen what is neceſſary. In order to find the proper 
= neth of the piles, one or two are drove as deep as 
IC 


hey will go, and then cut a certain number of the 
ame length, and when theſe are drove, and the depth 
the foundation remains the ſame, more are cut of 
e ſame length; but if the foundation changes, the 
ſt muſt be made accordingly. By this method a 
ood deal of timber may be ſaved ; whereas, if the 
iles are all cut at once, ſome will happen to be too 
ng, and perhaps ſome too ſhort, which waſtes a great 
cal of timber to no manner of purpoſe. 

Some engineers drive piles into every corper of the 
quares formed by the timbers, and none under the 
ane, as is repreſented here; but this method muſt ap- 
ar by every judicious reader, not ſo good as the former, 
cauſe the trame is ſupported by nothing but the 
nh, which being but ſoft, muſt give way to the 
eat weight of the wall preſſing upon the frame. 
Others drive not only piles under the grate, as we 
we ſaid above, but likewiſe two in every ſquare, 
ut 1s, in the oppoſite angles; but it ſeems to me, 
worth while to make ſuch expenſive work without 
abſolute neceſſity, and when no other method is 
Kticable. 

Sclides the piles under the grating, others are to be 
owe at the outſide next to the ditch, as is repreſented 
the plan by the letter a, their number is uncertain, 
1 ought to be regulated by the goodneſs or badneſs 
tne foundation. In both foundations, repreſented by 
third and fifth profils, the outſide timber next to 
vitch, ought to be cut in ſuch a manner that the 
M2 wall 
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wall may reſt upon part of it, and the other part Pre 
vent it from ſliding into the ditch, or elſe a ſmally 
timber ſhould be faſtened with bolts upon the larger 
Mr. Belidor gives an example of a wall ſliding in the 
ditch, at Bergue St. Vinoc, in Flanders, which was th! 
face of a ravelin; the ſame thing happened ſom 
years ago, at our wharf here, at Wookvich, for tit 
middle part of ir, flid five or fix feet into the Thane 
becauſe the foundation was only clay rammed ei 
with the bed of the river, and which would 
been ſufficient, had the precaution above mentions 
been taken. 

| We have mentioned before that ſometimes plank 


are uſed to cover the grating, and ſometimes nc * 
where there is plenty of ſtones, theſe planks may h E K 
ſaved; but in walls made of brick they are ꝓpſoluie - 
neceſſary ; for they being but of a ſmall ſize, thi * 


which reſt upon the timber will not be able to uſt 
"thoſe which are between them. 

If the foundation is either all rock, or only partly ſ 
the bed of the wall is to be ſunk about 6 inches. 
ſomething more into it, in the manner repreſent 
by the ſeventh figure, to prevent the wall from (lidin 
which otherwiſe might happen, becauſe maſonry ſelda 
binds fo well with the rock as to make it firm and d 


*rable. When the bed is made, care muſt be taken "07 
«ſweep it very clean, in order that no rubbiſh or C Id of 
remains in it, and after this, it muſt be wet ag by 
wall is made; by doing ſo, the mortar will enter i 3 0 
ter · into the pores and {mal} cavities, the maſonry ck 
likewiſe bind with the rock in a more eaſy Mr 
and: form in time but one continued ſolid ſtone. dent 
Although rock is the ſtrongeſt foundation that qe 7 
«be- built upon, nevertheleſs, engineers look up d - 
*as one of the moſt difficult pieces of work to be 3 nner, 


with; their reaſon for thinking ſo is, that they 
ſeldom level, but raiſe and fall continually, bye; 1 
*the-work- changes its profil at every {ſmall diſtance, X 
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p niſe the foundationꝭto a proper level, and bigd the 
afonry to the rock in a ſtrong and firm manner, 
eets with the greateſt difficulty. | 5 
The ſecureſt manner of proceeding in ſuch a caſe, is, 
p clear the rock as well as can be, from all duſt and 
ubbiſh, in the manner obſerved before, and to fink. 
om four to fix inches into it; then raiſe the lower 
arts with good maſonry made of very thin but ſtrong 
jortar, ſo as to be in the ſame level with the higher 
es. This work muſt be left ſome time to dry and 
tle, otherwiſe, that part of the wall which ſtands 
pon the made foundation will fink and break off 
om the parts which ſtand upon the rock. " 
Sometimes the rock will riſe at one end nearly as high 
the wall itſelf; in this caſe, the work muſt be raiſed 
a level, of about ſix feet from the bottom, and then 
ſt to dry and ſettle for ſome time; after that, it may 
raiſed to the ſame height again till ſuch time as the 
hole wall is finiſhed ; and to prevent the workmen 
om ſtanding ſtill, ſeveral parts may be undertaken at 
e ſame time and carried on alternately, 
Sometimes it happens, that the rock riſes gradually 
nind, nearly as high as the wall, or, which is the 
ne, that a wall is to be built againſt the rock; in 
s caſe, the rock muſt be well cleared from all dirt 
dd rubbiſh, and if it is too ſmooth, it muſt be pickt, 
(mall cavities made in it, that the mortar may lay 
id of, and bind it with the maſonry; and the work 
uſt be carried on gradually and lowly, otherwiſe 
Ly will naturally fink and tear off from the 


Mr. Belidor propoſes a method for building walls in 
scale, which, he ſays, has often been practiſed by 
me French engineers with good juccels ; that is, in- 
of uſing common mortar and ſtone in the uſual 
mer, they prepare what is called ſtone: mortar; 
ich is made of thin but ſtrong mortar, mixt with 
pics, about the ſize of a wallnut, a little more or leſs.; 

> 8 ' then 
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then they ſet a kind of coffer without a bottom, cu 
underneath, fo as to agree nearly with the unevenneſſq 
the rock; then this coffer is filled with mortar, a 
let ſtand till it is dry and pretty hard; then they ta 
the coffer away, in order to place it elſewhere, Th 
reader may eaſily perceive, that the ſurface of thi 
mortar is laid ſmooth and level, and that, when it x 
well ſettled, will ſtick much better to the rock thy 
any other kind of work whatſoever ; theſe kinds d 
walls become in time as hard as ſtone itſelf, as appen 
by the remains of ſuch as have been found here, 
— and in Germany. | 

In ſome parts of Scotland, in Ireland, at Gibralter, ut 
Mahon, the rocks are generally of lime ſtone in fud 
a caſe, no better work can be made, than to mix tk 
ſtones of the ſame rock with the lime; this will, h 
the likeneſs of the parts, form a work that will jo 
to the rock, and in time become as one continuel 
ſtone. 

It happens ſometimes that under a bed of gu- 
clay, or any other hard conſiſtence, there is a {© 
watery ſoil or ſand, to a great depth; where it wouk 
be dangerous to drive piles, on account of the ſourca 
or ſprings, which are generally under theſe place 
which when they get once a vent or opening, fill © 
trench made for the foundation in a ſhort time, f. 
of water, in ſuch a manner, as there is no poſſibil 
to build there. When this happens, a gutter muſt 
made to lead the water out of the trench into fon 
well made for that purpoſe, if none is found n 
enough, and engines ſer to work to dray the wat 
out of it into ſame lower place or ditch. 

It may happen, that the water comes ſo faſt 
the trench, as not to be drawn off; in both cait5 
ſtrong grate of timber muſt be made, and plan 
over, which being laid over the foundation, and is 
ened in ſuch a manner, as not to ſhift its place, 
the maſonry is built upon it, by which it will * 

yak 


dccalid 
nate 
ther 
aried 
eight 
wit | 


ed. ) FORT IFICATION. 167 


ally, till it comes to the ground, and when the 
oundation is raiſed above the water, it is left to dry 
d ſettle before the wall is continued. 


un! have been aſſured by people of veracity, and 
I ages of theſe works, that many ſuch inſtances 
th uppen in Ruſſia, as well as in Flanders, and yet when 


he walls are finiſhed, they ſtand nevertheleſs as firm 
if they were built upon a ſtrong foundation ; it 1s 
ertain, that theſe walls will ſink, but then the buli- 
jes is to make the whole go together without clinks or 
reakings z which can no otherwiſe be done, than 
it; very good materials, and great care and induſtry. 
Notwithſtanding that no water appears above 
round, and that there is only a hard cruſt of five or 
x feet deep over a ſwampy ſoil, yet it is neceſſary to 
ay a ſtrong large grate under the foundation; by 
aking care to ſink the trench as little as can be done, 
or the ſafety of the work; and the foundation mult 
e carried all round alike by horizontal courſes, and no 
one begun before the laſt be quite finiſhed, ſo that 
the ground underneath gives way, it may be preſſed 
ke every where, and fink together, 
This method of carrying on the foundation alike all 
ound the work, ſhould be obſerved every where, ex- 
epting on rocks, or ſuch a hard ſubſtance that cannot 
ive way, where it may be done by parts one after 
other; only obſerving to join them well together, 
£ by ſteps, that no two joints may be over one an- 
ther. 
There are ſome ſituations, which beſides being 
Yampy, the trench dug for the foundation fills in a 
ort time with water; the method uſed upon theſe 


| in ccaſions, is, to open only as much of it as can be 
ale in a day, and the ſtones are laid, without any 
cher precaution, on the ground, and the work 1s 


«ried on as faſt as poſſible, till the wall is above the 
tight to which the water riſes ; but this foundation 
lt be made very broad and by retreats; and the 
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ſtones laid in terraſs mortar, that it may ſoon 
hard; when this is done all round, and the work fe 
tled, the reſt is built in the uſual manner. | 
Theſe kind of foundations, are very common i 
Flanders, and Mr. Vauban, was very much putthl 
at firſt how to proceed, till ſome workmen of 
country, which had been uſed to them, put him in 
method of it: I have ſeen the ſame at Douqy, what 
they dug-a' trench of about 40 yards, and three 
deep; and as faſt as it was opened the maſons works 
at the foundation, which was raiſed ſix feet hight 
though the next day half of it was under water, ft 
the work ſtood as well as if it had been built up 
ſolid foundation. 
As the different ſituations and ſoils require differd 
precautions, it is impoſſible to give particular methal 
tor every one; the moſt ſecure and probable, by v 
an engineer may ſucceed, is, to conſult the work 
who either live upon the ſpot, or near it, and 
have been employed in ſuch foundations; for they 
nerally know beſt, what method will moſt likely 
ceed ; by conſulting ſeveral upon the ſame ſubje@Y 
they differ in their opinion, which is often the cis 
it is the engineers buſineſs to judge what is beſt 0 
done, and from his own experience, joined to tha 
the workmen, deduce the method, by which he B 
carry on his work: But, notwithſtanding all- h, 
precautions that can be taken, yet accidents will hapft 
which are to be repaired as ſoon as poſſible, and N 
by the engineer will learn how to avoid them a 
wards, in the remainder of his works. 
We have endeavoured to give here moſt of the 
ral caſes, which commonly happen, in all foundaln 
made upon the land; and which, if ſtudied: 
care, I do not doubt, but an engineer with a mode 
ſhare of practice and knowledge, will be enabled 
perform ſuch works: But the manner of laying 
foundations in water for bridges, ſſuices, moles, 
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ers for harbours, will be treated of ſeparately in the 
— part of this work. 


Hinxw to carry on the Wokks of a FORTRESS, 


The firſt thing to be done, is to know what part of 
a fortification is to be built firſt : Some engineers be- 
gin with the covert- way, and ſecure it with palliſades, 
in order, they ſay, to prevent the enemy from diſturb- 
ing them in carrying on the works: This reaſon may 
do in time of a war, and in a place where the enemy can 
come at; but in a time of peace, it is entirely ground- 
eſs, becauſe it is a difficult matter to know exactly 
how much earth is required to make the rampart of the 
body of the place, and thoſe of the outworks ; and 
therefore by leaving either too much, or too little, the 
carrying it afterwards to their proper places cauſes a 
great deal of ſuperfluous expences, entirely owing to 
he want of ſkill in the engineer, 

Others chuſe to begin with the flanks, and then go 
on with the faces of the baftions, that in caſe an enemy 
ould endeavour to diſturb them, they might keep 
im off by means of the guns placed therein: This 
may do very well when the foundation is good, but 
mould by no means be proper, where they are bad, 
or the reaſons given before ; becauſe if one part ſhould 
de built before the whole foundation is laid, it would 
de ſettled before the next is finiſhed, by which the laſt 
ould break off from the former by its ſettling : This 
vill even happen, when. the foundations are good; 
tis certain, that when the foundations are once laid all 
ound, of about fix feet high, and well ſettled ; then 
he reſt of the wall of the baſtions may be finiſhed firſt ; 
Ind foraſmuch, that when they are full, require a 
peat quantity of earth, which is eaſily carried through 
e curtains ; whereas the earth for the ramparts of the 
23 cannot ſo well be carried through a paſſage in 

e baſtion; but, however, every engineer may have 
his 
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his particular reaſons, for beginning the works ſooner 


one way than another. 

When the foundations of the body of the place a: 
laid, the firſt thing to be done is, the openings for the 
common ſhores in proper places, to carry off the filh 
and rain water of the ſtreets ; and it muſt be particu. 
larly obſerved to give them a proper deſcent, from the 
center of the place towards the ditch, that the wat: 
may carry off the mud, otherwiſe they will ſoon chak 
up, and require continual cleaning; and they ſhould 
always be carried either under or near the places where 
the bog-houfes are to be made, that the water may 
carry off the filth, and prevent their ſtinking in wam 
weather, and to be nauſeous to the inhabitants. 

If there are any powder-magazines to be made in 
the baſtions, or any other building, ſuch as an hoſpi 
for the ſick and wounded in time of a fiege, or ſtor 
houſes to lodge ammunitions in, they muſt be bil 
at the ſame time as the baſtions; in order that there 
may be no uſeleſs removings or diggings of eam, 
which would create ſuperfluous expences. If there ut 
galleries for mines to be made in any of the works 
they ſhould be begun at the ſame time: In genen 
all under-ground works ſhould be firſt conſidered, ad 
begun as ſoon as the foundation of the walls are lid: 
For which reaſon, not only the plan and profils of 1 
fortreſs ſhould be made at firſt, but likewiſe, drawing 
of the moſt minute parts of all the neceſſary buildings 
which depend on the fortreſs, with their dimenſios 
marked upon them, and expreſſed in the eſtimate. 
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SECT. VIII. 
METHOD 70 be obſerved in making 


MasoNRY. 


Aving entred into all the moſt particu- 
lars of the materials uſed in the building of a 
tortreſs, we ſhall now ſhew how they are to be applied 
in the beſt manner; and as ſtone maſonry is by much 
the greateſt part, we ſhall begin with that firſt, and 
then proceed with the reſt, each in their order. 
As maſonry made of hewn ſtones is certainly the 
beſt, but at the ſame time ſo expenſive, that few 
works are hardly ever wholly built with them; for 
which reaſon, engineers content themſelves to make 
the lower part of the wall of them, for about 8, 10 or 
12 feet high, as likewiſe the ſailant angles quite up 
to the top: and the hardeſt ſort are chiefly uſed at the 
angles, and in thoſe places where a ſtrong current, or 
the ſea can beat againſt them : For if the ſtones are not 
very hard, the water ſtriking withea great velocity, in 
an oblique direction, wears them preſently out; as 
may be ſeen at Portſmouth. | | 
Maſons diſtinguiſh their hewn ſtones by two names, 
diz. ſtretchers and headers; that is, ſu a ſtone 
o be twice as long as it is broad, then if it be laid ſo 
35 the length goes into the wall, it is called a ſtretcher, 
but if the length appears on the ſurface of the wall, it 
is called a header. Theſe ſtones are laid alternately, 
a header, then a ſtretcher, through the whole length of 
tne wall; and at the angles, that which is a header 
one way is a ſtretcher another. 
he engineer or his overſeers, ought to be very di- 
gent, to ſee that theſe ſtones are well ſquared, and 
When they lay them, that they bed well, that is, 2 
4 they 
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they lay quite flat on each other; for the maſons often F 
are very careleſs in their work, either for the ſake of 80 


ſpeed, or out of meer idleneſs; and when the ſtones oo 
are laid, and bed not well, they = wooden wedges - 
under the corners, to ſave the trouble of removing and 1 
ſquaring them a- new; which ſhould be prevented a 3 
much as poſſible; otherwiſe a wall can never be ſtrong, * 
and firm, and therefore has not a proper ſtrength to an 
reſiſt the preſſure of earth which is againſt it. * : 
The ancients were, ſo. very nice in all their publick * 
buildings, that no joint ſcarcely ever appeared; which che 
they did by rubbing the joining ſurfaces againſt each wu 
other, and laid the ſtones without mortar, leaving tac . 
outward ſurface rough, till the ſtones were all laid, * 
and then made it ſmooth: But this precaution is never leaſe 
taken now-a-days, for which reaſon, no modern build: 5 
ing comes up to thoſe built by the ancients, either for an 
beauty or ſtrength: For you may fee in the finct locke 
buildings in England, the joints in columns or pilaſter 11 
half an inch wide, filled with very bad mortar, which they 
by the weather has been wore out in a ſhort time, to Yiu 
the great ſhame of the modern architects. them 
The beſt ſtones being uſed in the facing, the reſt i Th 
made with ſmall ſtones, called rubble ; but care muſt Kap 
be taken, that this ruble work is well performed, in * 
making the workmen chooſe thoſe which lay cloſe W mou! 
each other, and that they fill up every part as well » WF, it 
they can, and not by a quantity of bad mortar, as they Wl. 
certainly will, if not prevented. N ing af 
If the walls are to be built in water, the ſtones mul . 
be laid with terraſs mortar, thoſe parts which are ſome: they « 
times dry and ſometimes wet may only be laid in tit te b 
or cinder mortar : when we ſay that ſtones are to be N them. 
laid in terraſs mortar, it is meant only round the facing Th 
and the reſt is filled up with good common mortar; q cer-g 
cauſe terraſs is very dear, as little is uſed as can be S It 
would adviſe the engineer, to lay all the facings w" Bl ,. 


»n * . . qd 
cinder or tils mortar, if he intends to make "= 
a - f | wy 
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work, For the mortar commonly uſed in facing the 
works, is generally fo bad, that it requires to be new 
done in very few years; which is not only expenſive 
but likewiſe troubleſome. 12109 

The bricklayers and maſons content themſelves with 
making the facing look well; for which reaſon, when 
they build by contract they make uſe of mortar, with 
very little lime in it, that is, no more than to keep the 
and together; and when the wall is run up, they ſcrape 
2 little out of the joints, which they point with a bet- 
ter ſort; ſo that the wall looks as well as if it had been 
built in the beſt manner. The only reaſon I can find, 
for their making worſe work here than any where elle, 
1s, that moſt people in and about London build upon 
leaſes, ſo that they contract with the bricklayer to do 
the work, never troubling themſelves whether it is 
well made or not; thinking if it but laſts their time it is 
lufficient, | 

This is what the workmen are ſo uſed to, that when 
they are employed, by the publick, or government, it 
1s with the greateſt care and conſtantly looking after 
them, to make them do better work. 

The back part. of walls, in ramparts and counter- 
ſcarps, ſhould be laid for the depth of about two feet, 
in {ſtrong mortar, ſo as to dry ſoon; and the earth 
ſhould not be laid againſt them before a twelvemonth ; 
lor if the wall is not well dried beforehand, the con- 
tinual dampneſs of the earth will prevent it from dry- 
ing afterwards ; and this is often the caſe, that walls 
cannot reſiſt the preſſure of earth againſt them, which 
they otherwiſe in all probability would have done, had 
* work been ſet before the earth was laid againſt 
mem. 

The manner of building arches, and other works un- 
der. ground, requires ſome particular precautions, be- 
lives thoſe mentioned already, which we ſhall mention, 
ven We come to treat of theſe kind of works. he 
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Mr. Belidor ſays, that hard ſtones ſhould be laid in wy 
ſtiff mortar, and ſoft ones in ſoft mortar ; which ſeems * 
to me quite contrary to the nature of the thing: be. 
cauſe the pores of hard ſtones being very ſmall, and 
cloſe, the mortar cannot enter into them withott 
being very ſoft and thin; on the contrary, ſoft ſtone, 
have larger pores, and are very ſpongy, and therefore: 


: An 
uire a greater ſubſtance to unite them; wheres 

chin 24 ſoon be ſucked into the ſtones, with- * 
out being able to unite them. This rule is obſerved a 
by joiners, for when the wood is hard, they make uſ: WT 
of thin glue, and on the contrary, in deal or other ugh 
ſoft wood they uſe that which is thick and ſtrong, "ach 
The manner of building with bricks is much the 3 
ſame as that of building with ſtcne ; but it muſt be gh 
obſerved, that as bricks cannot be cut to the flope a oo | 
the wall, and are always made ſquare ; the bricklayen fir the 
make the joints at the ſlope ſide bigger than within, u Aw 
order to follow the propoſed profil, which is a very bu ins 
practice; for the weather beats the mortar out of the lore 
wide joints, by which the wall requires to be 7, 64 
pointed every two or three years z we have inſtancs limſel 
enough of this kind, not proper to be mentioned here. Pu 
Another defect ariſes from this practice, which « inks 
that the courſes of the bricks length being at "ol 2 
angles to the ſlope, and the reſt lie in a level, by buon, 
they make an angle, whereby the bricks can never m 
ſo ſtrongly together, as if they were all — "Ba 
ſame plan; whereas, if the outward ſlope be m tor ecally 
ſixth part of its height, and the courſes a "I done 
to that Nope, and to lie in the ſame plan, the RO 
will bind much better together, and make a ſtrong⸗ Ar 
work; as likewiſe . more the preſſure of the nat? 
we have obſerved before. i fone 
3 know that ſome engineers, and moſt _— cauſe 
ſay, that the courſes of ſtone or brick ſhould av be 


ill wa. 
be in a level, ſo as to bed well, otherwile, the 


g a * is is no more tha! 
will not ſupport itſelf upright ; but this is conc 
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-onceit of the work men, who will never go out of the 
ad beaten road; for they do not conſider that the 
rreſſure of earth endeavours to throw them forwards; 
ind therefore, by oppoſing a greater force to this preſ- 
ure, the walls muſt laſt the longer; what they ſay 
may do very well in civil architecture, but by no * 
in the military way. > | 

An engineer ſhould always confider, what method 
anſwers beſt the propoſed deſign, and never follow the 
vice of others, unleſs it is agreeable to ſenſe and 
reaſon ; for he that follows blindly the practice of thoſe 
that went before him, will never become a good engi- 
neer : This may chiefly be the cauſe of making ſo few 
improvements in fortification z for whoever reads au- 
thors that wrote upon the ſubject ſome hundred years 
220, will be ſurprized, to ſee what few alterations 
have ſince been made, and theſe are, the moſt part, 
for the worſe. , . 

Another great defect in brick-work, is the large 
joints made with bad mortar; they are commonly 
three quarters of an inch, whereas, half that thickneſs 
Is more than ſufficient : A certain engineer piqued 
himſelf, to have all the courſes exactly three inches; 
and as the bricks are two inches and a quarter thick, 
he joints were three quarters; but this ought not to ſur- 
prize any body, conſidering the humours of the per- 
lon, which are altogether extraordinary, as well as 

oſt of his actions. - 
Sometimes bricks and ſtones are uſed together, eſ- 
pecially, in places where ſtone is ſcarce : This may 
de done to good purpoſes; for if the wall begins with 
one to about ſix feet above ground, and then carried 
1 as high with bricks, and over this, a bed of large 
ones is laid, then bricks as before, and another bed 
ones; it will make better work than bricks alone; 
"cauſe ſtone being heavier than bricks, they keep the 
"ork better together by their own weight. 

| When 
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When large ſtones are ſcarce, the facings of wall ect 
are made of bricks, and the reſt with ruble du in l. 
as it is hard to bind ſtones and bricks together, the Wl whic 
work becomes very bad, unleſs great care is taken, o Wl to lo 
intermix them in a proper manner: The French engj. Bi 
neers make the bricks go off from the facing towards Wl ſtruc 
the back part of the wall, in an edge, or like an in- mant 
clined plan, and fill the reſt with ſtones; this may be As 
done in another way, by carrying here and there 
a courſe of bricks quite croſs the wall, of three feet 
broad, and two high, at proper diſtances from each 
other, which will bind the wall pretty well together, 
In ſhort, the engineer ought to judge from the mate 
rials, and his own experience, what is beſt to be done 
upon all occaſions. . | 


Nenn 


Of Cazemars and all forts of under: grau e io 
1 1 Wokks. | 


HE method of building the walls of under 

ground works, tequires much more precaution 
than thoſe that are above, not only becauſe they are u 
be bomb-proof, but likewiſe to keep out the damp 
wet, that whatever may be depoſited in them, as met 
ammunition, and proviſion, in time of a ſiege, 1 
keep dry, and be preſerved without any damage. 

In ſmall fortreſſes; there cannot be too many unde 
ground lodgments, becauſe nothing can be ſecu 
otherwiſe ; ſince the ſhots and ſhells can reach er 
part of the place, and deſtroy it : Therefore there ſhoul 
not only be a ſufficient number of magazines that 1 
neceſſary to lodge ſtores and ammunition, but like 
hoſpitals for the ſick and wounded, and places to 
the fatigued ſoldiers, in a ſecure manner, Where 
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in large places, there is always ſome part or other 
which are ſecure from ſhells or ſhot, which may ſerve 
to lodge every thing that is not immediately wanted, 
But before we enter into the particulars of their con- 
ſructious and ſituations ; it is neceſſary to explain the 
manner of building them. | 
As we have but few works of this kind here, and 
moſt of them were built by ſuch engineers as were not 
ſkilled in them; we ſhall inſert the method purſued by 
the French, given by Mr. Belidor in his Science des en- 
giert; as knowing that he had it from the moſt know- 
ng and experienced engineers of France. 
We ſuppoſe, ſays he, that the maſonry has been 
buile with all poſſible precautions, that is, the ſtone or 
bricks to have been laid in mortar made of the beſt 
lime to be had, mixt with tile or cinder duſt, and left 
o dry a ſufficient ſpace. of time before it is covered 
rich a particular kind of cement, made according to 
following manner. | 
This cement is generally made of tourneys. cinders, 
rich is nothing elſe but the cinders, that are found 
n lime kilns, where they uſe coals, mixt with the 
mall particles of lime ſtone : this is beat and prepared 
ery four or five days, for the ſpace of ſix weeks 
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I dbſerving to put only a ſmall quantity of water to.it 
a be firſt time, and none afterwards ; or this cement is 
15 made with mixing one third of unſlaked lime, the 


eſt that can be had, with two thirds of terraſs, or in- 
lead of terraſs, two thirds of pozolano, or elſe old 
les well burnt, reduced into duſt, and paſſed through 
eve : but whether the one or the other of theſe ce- 
ents be uſed, the parts muſt be well reduced into 
uſt ſeparately, with a hand mill, and afterwards the 
'0 materials well beat and mixed together, -and to re- 
at this ſeveral times without any water, excepting at 
1 

Before the cement is applied to the vaults, it is ne- 


lary that the maſonry be well finiſhed, and had a 
N ſufficient 
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ſufficient time to dry, which is reckoned to be aboue 
ſix months; then the joints muſt be well cleaned with 
a {mall iron hook, after that the duſt and dirt being 


ſwept off very clean, ſome water is — over 1 * 
with a water- pot; then the cement is laid over it, be. As 
ing well worked immediately before, of about an inch 0 
and a half thick every where, and as even as can be; ck 
which is beat all manner of ways with a wooden batt, " 
of two inches broad only, in order to preſs the cement] . 
better into the joints; after that, it is made quit = 
ſmooth with a flat iron, ſuch as are uſed for ironing "ry 
linen, till it begins to be hard; and for fome timer ape 
muſt be rubbed over with a mop dipt into cement "pi 
made very thin, once every day, and then paſſed i. n 
mediately over it with the aforeſaid iron, to make H en 
mooth ; and when this is done, it is covered wßt rue 
w, to prevent the heat from cracking it; d _ 
work is continued till ſuch time that no cracks ap . 
in it: after that it is waſhed over for five or fixc 4 rhe 
as before, without poliſhing or coverings. ur 
In applying the cement, care muſt be taken, abend. 
all things, to make it ſmooth and even, and to tem: ale 
nate the upper part in an angle like a roof; and fot ing f 
no ſtone appears through the cement. This ben conti 
done, the cement is covered with a bed of grave! oi. .: 
coarſe ſand of four or five inches thick, laid cv: .-: 
where very ſmooth and even; and upon this bed a |. 
gravel is laid another of earth of about a foot eure 
half thick, well beat and rammed down; and tine 
more earth is put upon it, and beat down; this is coy. ch 
tinued quite up to the ſurface of the ground : Mr. utter! 
lidor ſays, that the vaults in the lower - baſtions of 8 


Briſac were built in this manner. 

I ſhould think, that if a bed of well prepared ci 
of about ſix inches deep, was laid over that of the | 
vel, and over that one of earth, it would much ben 
prevent the water to penetrate to the cement, u 


carth only ; as to the gravel, its uſe-is to ſuck ro 
. C 
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zmpneſs of the ground above it, and to keep the 
out on oiſture from the cement. 
Mr. Belidor propoſes another method, which, he ſays, 


0; 8... been uſed in the building of a famous orangery at 
1 erſailles, with great ſucceſs, and which is as follows. 

be As ſoon as the vault was made, it was well cleaned, 
nch 4 2 bed of ruble ſtone laid over it, of 18 inches 
i ick, without any mortar, only duſt of lime thrown 
te cen the joints; upon which was laid a bed of the 
eig ne duſt four inches thick; and then a bed of pebble 
of ne, and then another of flat ſtone of a foot deep; 
LS hich was covered with another bed of lime duſt of 
eig ur inches thick : this, he ſays, was continued to the 
ry ery top, and even with the level of the terraſs above 


This vault has ſtood hitherto the weather, without 


e [caſt change or alteration. 

The ſame author ſays, that ſometimes, a bed of clay 
foot thick. has been laid over the firſt hed of ſtone, 

w doneof mortar three or four inches thick over the laſt, 


d then the Earth. To ſecure the piers of under- 
round vaults againſt the water filtering through the 
arth, a wall of dry ſtone is made againſt them on the 
utfide, of two feet thick, without mortar, the joints 
ing filled with gravel or coarſe ſand ; and the wall 
continued to within two feet of the roof of the vault; _ 
e reſt being finiſhed with good maſonry, and cover- 
d with the bed of cement, which lays on the vault, 
nd is extended over the wall : this precaution - will 
cure the piers from all dampneſs; but it ought to be 
bſerved, that this dry wall ſhould be two feet lower 
pan the foundation of the vault, in order to make a 
utter for carrying the water into the ditch, 
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SECT. X. s wel 
FO A 
| Of SALLY-PORTS. cali 
he w; 
Plate IX. OAlly- ports or poſtern-gates, as they are ſom. © 
8 times called; are thoſe under - ground pi- he v 
ages, which lead from the inner works to the outy nat 
ones; ſuch as from the higher flank to the lower, or to er 
tenaills, or the communication from the middle of ti be 
curtain to the ravelin. When they are made for mai the 
to go through only, they are made with ſteps at . ie 
entrance and going out, as may be ſeen in the firſt ax At 
ſecond figures; it may be obſerved, that when te ol 
rampart is not of a ſufficient height, as it happen 
here, it being but 15 feet high, the entrance has d 
ſunk 5 feet below the level, in order to ſecure the e 
againſt ſhells; and the outſide of the arch is circulr ke 
as well as the inſide, and not in the form of a root, s uſt | 
Mr. Belidor would have it; becauſe it is not poſſible n ght 
make them ſo, unleſs the rampart is very high; 0 feet 
ther can the inſide of the paſſage be above 6 feet ui — 
and the height but 8 and a half, otherwiſe it will u. © 
be covered with a ſufficient quantity of earth to ſer. ü 
it againſt accidents. WI 
There is always a gutter or ſhore made under tit * 
ſally- ports which are in the middle of the curtains, u 10 : 
the water which runs down the ſtreets to paſs into il , 
ditch, as we have marked in the firſt profil; but ths I 
can only be done when there are wet ditches, mo 
the water would ſettle in dry ones, before the ſallj· pol 2 
and make it difficult to go out and in, beſides * 
ſmell of this dirty water would become very offen 1 4 
in warm weather. a Wi 
Theſe under-ground paſſages are ſecured by d icks 


ſtrong doors, the one at the entrance and the other 4 


the going out; the outſide of the paſſage is gu 
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led up in time of peace, leaving only an opening 
e a window to let the air in, that it might not be 
po damp, and rot the doors. The ſide-walls, or piers, 
; well as the arches, are two feet thick above, and 
#0 and a half near the foundation; there being no 
caſion for counterforts, as Mr. Belidor has them; 
he wall being of a ſufficient ſtrength to reſiſt the preſ- 
re of the earth, as we have found by computation. 
he white ſpace above the arch in-the firſt figure, ter- 
nated by two parallel lines, repreſents the cruſt of 
ement laid over it, and the dotted ſpace above this, 
bed of dry ſtone, ſpoken of before : the front wall 
t the entrance is raiſed three feet above the rampart, 
o prevent people from falling down in the dark. 

At the ſides of theſe paſſages, powder-magazines 
e often built, which are very neceſſary, for having 
ores and powder nigh at hand to tranſport them into 
e outworks in the time of a ſiege ; they are made in 
portion to the quantity of ſtores wanted. Thoſe 
aked in the ſecond figure are 15 feet by 183 but it 
uſt be obſerved, that their width depends alſo on the 
ght of the rampart ; becauſe there muſt ar leaſt be 
feet of earth above them, in order to make them 
dmb-proof., The walls as well as the arch are but 
feet thick, ſloping at the outſide, ſo as to be but four 
ar the foundation, without any counterforts. 

When ſally- ports ſerve to carry guns through them 
r the outworks, inſtead of making them with ſteps, 
is repreſented in the firſt and ſecond figures, they 
uſt be made with a gradual ſlope, as is repreſented in 
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« hx chird and fourth figures; and they muſt then be 
ca feet wide: If the rampart is but low, the arch ma 

po, made elliptical ; in ſhort, in the building theſe paſ- 
es tees, regard muſt be had to the profil of the rampart, 
nn to the uſe they are intended for, whereby the pro- 


r dimenſions may be determined. 

When they are made with a gradual flope, the 

ner 4 ks of the piers or ſide- walls, muſt be made by ho- 
| i rizontal 
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rizontal courſes, as high as the ſpring of thè ach 
the arch itſelf, perpendicular to the ſlope, in the 
repreſented by the third figure : there are bo 
doors, one at the entrance, and the other at the j 
out, that they may leave a free paſſage for oY 
other warlike engines, and ſometimes ſeveral WM 
doors are made, in order to defend the page 
which purpoſe, wickets and loop-holes are male 
them, to retire through and defend them d 
another, | | __ 
The walls are about two feet and a half new 


+4 
. 


at night ; but as they are the ſame as the formal 
ſhall ſay no more about them. As to the fo 
and many other particulars relating to theſe pun 
we ſhall leave them to the judgment of the al 
who is to conſider well beforehand all the conven 
and every minute circumſtance, before he began 
work. Weds "= 
Ir is cuſtomary to build hoſpitals for the 6 

wounded, under the level ground of the ballin 
likewiſe powder-magazines, ſtore-houſes, anal 
to bake the bread; theſe buildings conſiſt of ul 
paſſage from the center of the gorge rowards Wl 
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Section of a Sally Port with a Slope 
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Section of a Sally Port with Steps 
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Plan of a Sally Fortwith Steps with a Slope 
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att angle, with as many rooms on both ſides as are 
thought neceſſary z ſome of them have chimnies, and 
athers air-holes coming out within the baſtion; theſe 
wildings are eſpecially made when there is a cavalier in 
the baſtion 3 becauſe they need not then be ſunk under 
the level, there being always a ſufficient quantity of 
earth above them, to reſiſt the force of the ſhells. 
Theſe works are built in the ſame manner, and with 
the ſame precautions, as the former, 


Þ F >vhs ih © 
Of CaSeMATS in the RaveLin. 


8 we eſteem the ravelins to be the moſt eſſential of 
all the outworks of a fortreſs, ſo we think that 
nothing contributes ſo much to a long and ſtout de- 
fence, as the making them capable of all the reſiſtance 
that is poſſible : For a town defended as it ought ro 
de, can never be taken, till ſuch time the enemy is 
maſter of the ravelin in the front attacked. Cochorn 
and ſome others, have made their ravelins with caſe- 
mated flanks, but for what reaſon is unknown to me; 
hough ſeveral pretended engineers look upon them as 
daliderable works: It is therefore worth our while to 
ine their uſe and perfection, in order that young 
ngineers may not be miſled by the erroneous opinions 
df their ſuperiors. 1 
As theſe flanks cannot defend the ravelin, in which 
are, their intent muſt neceſſarily be to defend 
dme other work : which can only be the breach in 
he faces of the baſtions oppoſite to them; the paſſage 
d the great ditch, or the covert-way : But as the ra- 
Felin in the front attacked, is either taken, or its defence 
leſtroyed by ſhells, and the ricocher batteries; before 
eſe works are or ought to be attacked, it is evident, 
dat theſe flanks in the front attacked, can be of no 
N 4 | uſe 


= 
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uſe at all. Neither can thoſe of the ravelins in tie nx 
fronts, adjacent to that attacked, be of any uſe, fince dier 
but a few of the guns placed there will bear upon the 
the attack; and the beſiegers have always ricochet bat. 
teries to deſtroy the defences of theſe works, which fee 
the attack, as may be ſeen in the ſixth plate of our 
attack ; beſides, the ſame batteries which batter the 
breach in the baſtions, will ſee obliquely theſe flanks; 
or the moſt trouble theſe flanks can cauſe, is to oblige 
the beſiegers to raiſe two batteries of four guns each, 


in order to deſtroy them. I leave it therefore to the A 
Judgment of the reader, whether it is worth while to of t 
make theſe expenfive works, for ſo little a purpoſe, ot in t 
whether ſome others might not be made of a much cour 
better defence, and of no more expence than theſe. ram| 
Notwithſtanding that the ravelin in the front at- mies 
tacked at Bergen- op- zoom, had caſemated flanks, jet can 
the French took both baſtions, and ravelin at the ſame man 
time, without given the beſieged time to fire a gun may 
from them: this was not ſo much owing to the bad T 
conſtruction of the works, as to the unſkilfulneſs of the the 
defenders, or to ſomething elſe not proper to be made ron 
Public. | | with 
Plate X. The beſt way to ſecure the ravelins, when WWW ccter 
the ditches are dry, in my opinion, is to make redoubs WW ztten 
in them, with a parapet of about 12 or 15 feet thick vel 
only, and about two feet lower than that of the ravelin; Tl 
that thickneſs is ſufficient, ſince it can only be ſeen be a 
from the rampart of the ravelin: and if the counter- ¶ ¶ lope 
ſcarp be caſemated in the manner marked with dotted near 
lines in the plan, Fig. 1; and as the plan of the works decay 
ſhews in the ſecond figure; it appears to me a of thi 
matter for an enemy to get poſſeſſion of it. » Al 
That there may be a ſecure communication from the WWW preve 
works in the redoubt to thoſe in the ravelin, and ellipt 


from thence to the covert-way ; traverſes are made i 
the ditches, marked L, L, in figure 1. or „en 


the ſection, fig. 3: Theſe caſemats have two entrance 
marked 
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marked E, E, in fig. 2, from the ditch or the capo- 
dier uſually made from the oppoſite curtain to the 

of the ravelin; as well as two ſtair-caſes, marked 
D, D, in the ſame figure, to mount into the redoubt, 
15 likewiſe two more in the level ground of the ravelin, 
not marked here; ſo that if the enemy gets poſſeſſion 
of one ſide of the ravelin, the garriſon may ſally out 
through the other; or when the redoubt is loſt as well 
25 the under-ground work on one ſide, they may re- 
tire through the other. 

As the beſiegers can no other ways get poſſeſſion 
of theſe works, than by mines; openings muſt be left 
in the great gallery A, A, at proper diſtances, for 
counter mines to be carried on all the way under the 
ramparts, and behind the parapets, to reſiſt the ene- 
mies miners; as likewiſe to oppoſe every attempt they 
can make, both above and under-ground, in ſuch a 
manner, as to make it equally hazardous wherever they 
may chooſe to aſſail the work. 

The openings of theſe galleries into the ditches of 
the ravelin and redoubt muſt be well ſecured with 
ſtrong doors, full of iron, and behind theſe others 
with wickets and loop-holes, to retire behind, and to 
deſend the entrance that way, in caſe the eriemy ſhould 
attempt it; as probably he would if they were not. 
wel! ſecured. 

The walls of theſe under-ground works need only 
be about two feet thick near the foundation, with a 
liope on the outſide, ſo as to become a foot and a half 
near the ſpring of the arches ; this will be ſufficient, 
becauſe the arches will ſecure them againſt the preſſure 
of the earth. The piers which ſeparate the lodgments 
B, are not ſo much made to ſtrengthen the wall, as to 
prevent the arches from being too high, which may be 
elliptical or parts of circles. Theſe lodgments are 19 
feet wide, that is, as much as the great gallery is 
road, in order that the arches may join well; _ 

c 
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the baſe of the piers are 8 feet long; ſo that the whole 
breadth of the great gallery and the lodgment toge- 
ther is 18 feet. | 
The bottom of this gallery. muſt be about 18 inches 
above the bottom of the ditch, in order to ſecure ir 
from dampneſs, and the piers are 7 feet high, with 
loop-holes between them, which look into the ditch, 
to give air to the lodgments: as to the reſt, the plans 
and ſection ſufficiently ſhew our meaning, without 
being neceſſary to enter into any farther explanation: 
The only thing to be farther obſerved, is, that the 
arches at the entrance E, and over the ſtair-caſes D, 
muſt. be made conical; as to the others, the reader 
may eaſily perceive how they ought to join. 
Mr. Coehorn made ſuch galleries all round his coun- 
terſcarp at Bergen-op-zoom, with loop-holes to fire into 
the ditch, and at the reentring angles of the places of 
arms, lodgments nearly ſuch as are marked here, 
which he called Tambours: and to ſecure the entrance 
above ground, he made a traverſe on each fide of the 
ſtairs, as likewiſe placed a row of paliſades. As theſe 
lodgments made the beſt defence of all his works, in 
the laſt ſiege ; it is plain that they are very advants- 
geous in a fortreſs; but as to the gallery round the 
counterſcarp, it was of no other uſe than to lodge the 
troops ſecurely from danger, and to carry from thence 
galleries for mines under the covert-way and glaci, 
For which reaſon, I would either chooſe to make none, 
or one of about 6 or 8 feet wide, which would ſuffic 
ently anſwer the intent propoſed ; and beſides, would 
coſt very little more than a ſingle wall with counter- 
forts: there might be ſome wooden doors placed 
proper diſtances, with loop-holes, ſo that if one pat 


was taken by the enemy, the defenders may retire ſe 5 re 
eurely into the others. | mg 

As to the caſemats under the places of arms, theſ Mr p 
ought by no means be neglected, and to ſecure theo. wy 


entrance above, there ſhould ſmall redoubts be — 
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dle Wl cf 12 or 15 feet parapet, and a dry ditch before them; 
.- by this means the places of arms may keep off an ene- 
my a long while, and make them pay dear if they 
ies nate it; as it happened to the French at Brrgen-· op- acm. 
It t may be obſerved in general, that a fortreſs with- 
th out under-ground works, can make but a ſmall de- 
ch, Wl fence now-a-day, againſt the great quantity of artillery 
ns Wl with which armies are furniſhed at preſent ; for the 
ut Wl cefences above ground are ſoon deſtroyed thereby: 
n: a therefore an engineer who undertakes to fortify a place, 
e muſt make uſe of all his ſkill and knowledge, to con- 
D, duct ſuch under-ground works, as are beſt adapted 
der WW to the nature of the ſituation; and to be as ſaving as 
poſſible, becauſe theſe kind of works are naturally very 
un- expenſive, 
nto > 


re SECT. XII 
_ Of CASEMUATED FLANKS. 


' Plate XI. E S S. Coeborn and Vauban, were very 
the fond of caſemated flanks, the former 
dende ſome: in the ravelins at Bergen- op- zoom ſdand the 
ne kter in his tower baſtions at New Briſact; they have 
in great eſteem formerly by moſt engineers, and 
mm , fortreſs without them was not thought to be of any 
ſtrength ; but naw-a-days they are generally rejected, 
* becauſe experience has ae that the ſmoak becomes 
neon fo troubleſome as nobody can bear it, notwith- 
18 landing all the chimnies and air-holes that can be made 
part to prevent it. 
„s the only objection againſt theſe caſemated flanks, 
e ſe⸗ TOY — 
ls their ſmoaking, engineers have endeayoured to find 
eme remedy or other for it: but that propoſed by 
Ar. Belidor, ſeems, in my opinion, to be the beſt, and 
b What has been practiſed in ſeveral places, as I am 
told, and have ſeenmyſelf at Portſmouth, near the ns 
. 
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which is, to leave them open behind, in the form of der 
piazzas; ſo that each gun has an arch over it, as the hs 
plan, elevation, and ſection, in the eleventh plate ſhews, d. 
by the letter B; and the embraſures are marked by the 


letter C, which are Mr. Bel:dor's own draughts; he 1 
ſuppoſes the thickneſs of the front wall to be 18 feet, . 
and to be of ſolid maſonry ; but as this would be very ſon 


expenſive, and ſeems to be uſeleſs; I would only make the 
a common wall, and line the embraſures with brick, the 
the reſt being filled up with earth in the ſame manner Wl bart 
as other parapets, as we repreſented by one half of the Bl (ti; 
plan: I ſaid, that the embraſures ſhould be lined with 
bricks, becauſe they being ſofter than ſtone, do not BW (+ 
ſplinter ſo much, and the ſhots make only holes, wich- ton 
out breaking them ſo ſoon as if they were made of / 
ſtone. Above theſe caſemats Mr. Belidor propoſes to Bll con 
make another battery, as may be ſeen in the ſection a: con 
A, annexed to the outſide elevation: but in low tam. Bll vid; 
parts, ſuch as we propoſe, it will hardly be poſſible, only 
and therefore this upper battery may be left ont. been 
This method of making batteries may be of great the 
uſe near the ſea or great rivers, where large ſhips can Bitte, 
approach pretty near; for they generally place men on this 
the top maſt round, which being higher | the para- WW notw 
pets of low batteries, gaul the gunners in ſuch a manner 
with ſmall ſhot, that they cannot ſtand to their duty; 
this is, as I take it, the reaſon, that ſhips always get the 
better of land batteries, and not the ſuperiority of guns, 
as the mariners imagine; whereas, if the batteries were 
arched in the manner propoſed here, it would be quite 
otherwiſe, 
Another obſervation is to be made, in regard to 
theſe caſemated batteries, which is, that if the pies 
were broader near the parapet, than at the other end 
and the arches conical, fo as to open more behind, tht 
ſmoak would evaporate in a freer manner, than if the 
were cylindrical; it is true, that the conſtruction ol 


conical arches is more difficult, and not very n 
é ut 
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but an engineer ſhould never conſult the eaſineſs of 
the performance, but rather the perfection and uſeful- 
neſs of the work. 

If this manner of building batteries near the ſea, or 
navigable rivers, ſhould be thought too expenſivgyupon 
ſome occaſions, it will be ſufficient to make ſheds over 
them, with planks: or even with canvaſs, to prevent 
the gunners from being ſeen, when they are upon the 
battery ; for as are in no — of ſhells, any 
thing that covers and hides them, will anſwer the pur- 
poſe; but the caſe is different in flanks, becauſe what 
the ſhot cannot effect, the ſhells will do, if no precau- 
tions are taken againſt them. 

As we are treating of flanks, it will be proper to 
conſider the conſtruction of the embraſures ; whoſe 
common form is, to make them narrow within and 
vide without ; ſo as to enable the guns to fire not 
only directly, but likewiſe obliquely : this method has 
been objected againſt by a late author, ſaying, that 
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eat WW the embraſures are ſooner deſtroyed this way than if 
can they were narrow without and wide within. But as 
| on this author has very little knowledge in gunnery, 
art” WWF notwitſtanding his boaſted experience, he did not know 
ner A chat it was impracticable to move the guns ſide- ways, 
ty 3 ton one ſide of the embraſure to the other, as the 
As nature of theſe embraſures require: whereas the field 


curiages, having only two wheels, they are eaſily di- 
rected to the right or left, as occaſion requires, when the 
mbraſures are narrow within and wide without : This 
gentleman, ſeeing loop-holes made in this manner. at 
ergen-0p-zZoom, imagined, I ſuppoſe, that cannon. 
"cre as ealily managed as muſkets, with which he is 
delt acquainted. | 


SECT. 


— — — 


190 PRACTICAL, ffn 


' to fire into the ditch; they have likewiſe doors any 
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SECT. XIII. 


Of CaroNninR8., +. 


+ 4 


CAPONIER is nothing elſe but a 
made in a dry ditch from one work to 
when they are made from the curtain of the body 
the place to the oppoſite ravelin, or from the front 
a horn or crown-work, they have a parapet on 
fide of ſeven feet high, ſloping in a glacis on the! out 
fide to the bottom of the ditch; the width within 
from 15 to 18 feet, with a banket on each. "fide! 
there is a brick wall to ſupport the earth within, ol 
brick and half above, with a ſlope of a fifth p 
the height; this wall reaches only within a foot 4 
half to the top; to prevent graſing ſhot, from dyn 
the ſplinters amongſt the defenders. n 
with two parapets may properly be called 4 
there are ſome made with one — zo in 
ditches of the ravelin, and in that of its redoubt, 
wards the ſailant angles, and open towards the bai 
of the place; it is true, that theſe ſingle ones a 
called traverſes, but differ from the traverſes in 
covert-way, by their tops floping in a glacis tothel 
tom of the ditch, whereas the others are made in 
form of all other parapets. * © 2 
Caponiers made from the body of the place t 


outworks, are ſometimes arched over, with oc; 


ſides for a communication from them into the u 
becauſe the beſiegers never fail to deſtroy them by 
and ſhells, to render the paſſage more dangerous. 

ſingle ones in the ditch of the ravelin 1 
are likewiſe made with arches open towards the Þ 
ſuch as we have ſpoken of here before; by m 
them in this manner, the guns which defend the I 
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before them can no. other ways be diſmounted than by 
mines, and when they are ſo low as that no mines can 
de made under them, the enemies paſſage over theſe 
dicches becomes very dangerous. 

To make the paſſages or communications from one 
ork to another, ſo as not to be interrupted in time 
ff a ſiege, or deſtroyed, is the moſt difficult part of 
fortification ; for when the retreat out of a work is cut 
ff or made dangerous, the troops in them neither will 
nor can defend them with ſo much courage and bravery 
vs they would do otherwiſe; and this is the reaſon that 
n enemy always endeavours to deſtroy themz and 
bould likewiſe engage engineers to prevent it. 


SECT. XIV. 


Of Town-cares and GUARD-HOUSES, 


HESE gates are made various ways, ſometimes 
there is only an open paſſage cut in the rampart, 
Mut up by a ſtrong wooden gate, or with a draw- 
bridge; and at others, this paſſage is arched all over, 
th a guard-houſe within, and a draw-bridge, and a 
gate on the outſide z the outſide front is generally or- 
pamented with pilaſters and a pediment ; the decoration 
ny depends on the taſte the engineer has in archi- 
ecture. 
As we have no author that has wrote on military ar- 
hitecture, nor any of our fortreſſes, that I have ſeen, 
40 any works of this kind worth mentioning ; I was 
dbliged to have recourſe to Mr. Belidor's Science des 
Wemeurs, which is the only work that treats of theſe 
hings, in the modern taſte ; for what is to be found 
0 Dilichins, Spekel, and other old German authors, is 
7 fo groteſque a taſte, as ſcarcely would be followed 
ua days. But as the French are ſo magnificent in 
er military buildings, and the deſigns of this author 
2 are 
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are chiefly adapted to large fortreſſes, which) u 
in uſe, nor neceſſary in this country; we have al 
voured to make ours in ſuch a manner 6.8 | 
probably be of uſe to our engineers. 

Plate XI. Our firſt deſign in this plate i is « 
plain; the width of the paſſage is ten feet, and a 
above; at the entrance within is a guard-room fort 
ſoldiers on one ſide, and one for the officers.ont 
other; each of theſe rooms is twelve feet ſquare, 
ving a window in the front, two feet and a ful 
the ground, three feet wide, and fix high; fat-ith 
general cuſtom in all buildings to make the window 
on the ground floor twice as high as they are t 
the cheminies are four feet wide, and'a f 
half of which is taken out of the thickneſs of 
and the other projects into the room, and is ſuppt 
by piers of a foot thick : the doors are three fy 
and ſeven high. 

The walls of the paſſa which ſupport the ar 
eight feet high, three. — thick near the for 
with a ſlope on the outlide, ſo as to be two fee il 
half at the ſpring of the arch, which is alſo 
neſs of the arch itſelf; the walls of the guard-rooml 
two feet thick only, and the height & the clevat 
from the bottom to the roof is fifteen feet. 

I have made no counterforts to theſe'walls, Deal 
the preſſure of the earth, together with the 7880 
the wall, will be ſufficient to reſiſt the preſſure of 
arch. This arch, as well as all thoſe mentione al 
after, muſt be covered with a bed of cement ad 
ſtones over them, as has been mentioned befhre, £ 
we have treated of this ſubject. 

The outſide of this paſſage, that is next to the d tc 
is ſhut by a ſtrong” wooden gate covered with iron! 
and rails, ſo as not to be cut open by any t 
if it be thought neceſſary, a draw- bridge cnay be. NAG 
but as this gate is deſigned for a ſmall fort -onlys. 
is no occaſion of making any ornaments that It 
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nch expences; for which reaſon, a plain wall with a 
eiment will be ſufficient. 

Plate XII. As the outſides of gates are made va- 
os ways, and thoſe in ravelins, horn or crown- works, 
te different from thoſe of the body of the place, de- 
i the paſſages are not arched, but always left open 
bore; we have given here three different ſorts ; the 
Iſt is quite plain, and may ſerve for any outwork : 
t compoſed of two piers of 24 feet high and 7 
road, with a baſe of two feet high, having a corni 
nd round balls above; the opening in this and the two 
lowing ones, is 10 feet: The firſt figure repreſents 
he elevation, and the ſecond the ground plan, with 
de ſlopes and projections ; there is a dra - bridge to 
dis gate, the ſection of which is repreſeMied in the 
vation. 

The third figure repreſents likewiſe the elevation of 
gate in an outwork, made in a more expenſive man- 
r than the former: For the two piers are of hewn 
bones, ten feet broad, and 27 high; each of them is 
mamented with two pilaſters, made according to the 
wean order; that is, the height is ſix times their 
adth, the plinth or baſe is half the breadth high; 
81s likewiſe the torus or moulding next to it, with 
fillet: And if we ſuppoſe the breadth of the pi- 
er to be divided into 24 equal parts; the aſtragal 
nd fillet is one and a half of theſe parts, the gorge 4, 
e next fillet one, the quart de rond 3, the abacus 3; 
nd the laſt fillet one; the entablement is 30 of theſe 
ns: The fourth figure repreſents the ground plan, 
th the llopes and projections. | 
The third gate repreſented by the fitth figure, is 
igned for the body of the place, when the paſlage is 
eſed ; the width of the gate is 10 feet, the height 
om the bottom to the ſpring of the arch is 8, but 
N be from 8 to 10 or 12; the diſtance from one 
all to the other 14, and their height ineluding the 
aſh 30, and 12 broad; as to the pilaſters, pedi- 
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ment and mouldings, they are the ſame as before, al 
the pediment is from one third to two ninth parts @ 
its baſe high : The pediment ought to be ornamm 
either with the king's arms, or with military enlign 
and above the gate under the arch, which joins th 
piers, the arms of the city, or Elſe, of ſome pate 
perſon of note, who has moſtly contributed to ul 
building of the place. 
Theſe are only a few ſpecimens of gates, to gel 
young praCtitioners an idea of theſe kinds of v 
the proportion of the parts may vary as well a il 
ornaments; but when there are pilaſters or calumay 
they muſt be conſtructed according to the dimenba 
of the order, they are made of: We have made uk 
the Tuſcane order as being the moſt fimple z butt 
young engineer ought not to content himſelt withy 
has here been given, but apply himſelf to that pat 
architecture, which is moſt uſeful; and if h 
gates of a finer taſte, he may conſult Mr. Sela 
Science des Ingenieurs, where he will find a great vu 
and well choſen examples. | 
Gates of large fortreſſes, require more atteatill 
than thoſe of ſmall ones; they muſt not only be kl 
red with draw-bridges, but with port-culiſſes, han 
or organs, A port culiſs, is a wooden gate well 
vered with iron, with ſharp points, drawn up in @ 
time by pullies, and let down at night: A harr 
gate made of timber, whoſe dimenſions are comma 
6 by 4 inches; and 6 inches diſtant from each oil 
well faſtened to three or four croſs bars, and Jecull 
with iron: And an organ, is a wooden frame, 
double bars, through which the timbers ſlide and 
down: the organ differs from the harrow in thatl 
timbers are not faſtened together, and is often ple 
red to the harrow on that account; becauſe it 
thit if an enemy cuts one timber to pieces another 
1 be let down, which cannot be. doꝶꝭ 
arrow. N 
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The port culiſs, harrow, and organ, ſerve all for the 
fame purpoſe; that is, to ſtop an enemy in caſe he has 
found means to let down the draw- bridge; either the 
one or the other may be uſed as the engineers think 
proper, and ſometimes two of them, that if one has 
been cut or burnt, the other may ſerve to ſtop the 
enemy. f 
But to leave nothing which may give a clear idea to 
beginners, we ſhall give ſome deſigns of theſe gates 
when we come to treat of draw-bridges, barriers and 
other things of that kind. 
Plate XIII. As we have given one example only of 
a town-gate, which is very plain and ſimple, we ſhall 
preſent the reader with another, that may ſerve for the 
body of the place, which, though plain, yet is, in my 
opinion, ſufficiently ornamented ; it is compoſed of an 
rched paſſage and two piazzas at the entrance, for the 
conveniency of foot paſſengers, to get by carriages 
hat enter or go out; at the left ſide of the entrance is 
he guard-room for the ſoldiers, and at the right the 
room for the officers, and as this laſt need not be ſo 
large as the former, a priſon is made, ſo as to make 
oth ſides of the paſſage alike : above theſe rooms, and 
wer the gate, are lodging-rooms, for the town major, 
nd ſome other officers. 

The paſſage is ten feet wide, and the projections to 
orm the cavity for the port-culiſs, as well as thoſe on 
oth ends, are ſix inches; the thickneſs of the walls or 
pers which ſupport the arch is four feet near the 
oundation reduced to three above near the ſpring of 
earch, and are 8 feet 6 inches high, and the arch is 
ſee feet thick. The length of this paſſage, and that 
the former depends on the thickneſs of the rampart, . 
which reaſon, they are not determined; the piaz- 
at the entrance are 9 feet wide, and 12 deep; the 
ers which ſupport the arches 5 feet each way; the 
ard. room for the ſoldiers is 20 feet long, and 14 
P, wich two windows of 2 and a halt or 3 fee 
| O 2 wide, 
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wide, and as high again; the chimney 4 or 5, andthe 
door 3 by 7: The officers room is 10 4 feet bg 
and 14 deep, and the priſon 8 by 14; the wall 
theſe rooms are 27 inches or three bricks thick; the 
wall between the officers room and the priſon is Y 
and a half only, and the chimneys 4 feet wide A 
the windows and doors they are the ſame as the atheny 
As this building is too large to make it but one (lay 
high, it was for this reaſon, we contrived the abany 
mentioned lodging rooms above it: the eleyation hay 
is that of the inſide or entrance, in which we coulda 
repreſent the chimneys for want of room in the plug: 
The fifth figure of the laſt plate is the elevation off 
outſide next, to the ditch ; to this front is annexed ah 
ther building, the lower part of which ſerves for 8 
baſcul of the draw-bridge, and the upper, to u. 
the port-culiſs : The ſection through the length ot ul 
paſſage ſhews partly the nature of the building, wh 
breadth is equal to that of the paſſage and walls. 
As the inſide and outſide buildings do not join abou 
there is a paſſage left between them for a free com 
nication upon the rampart, from one ſide to the ga 
that part of the arch is covered with a bed of cen 
and dry ſtones over it, with three feet of earth bei 
In this ſection is alſo ſeen the ſide of the wooden n 
ab, called baſcul by the French, which is fixed tw 
draw-bridge, by one end 5, with a chain at each 
each paſſing over two pullies or rollers, turning 
an axis at the other end a, and is a kind of count 
poiſe to the draw- bridge, to raiſe and let it down 
the particulars of which ſhall be explained here 
where we treat of draw-bridges. _ 
There are ſtone ſteps made at the ſides of the 
building to mount upon the rampart, which, are 
marked here in the plan, but are neceſſary, bel 
there is always a ſentry placed there at nightz# 
ſides, when there is an alarm, that the | 
mount quickly, and without any obſtruction. 
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At the entrance of a fortreſs, and in the works 
that cover the gate, ſuch as ravelins, horn or crown- 
works, are guard-rooms built, for the party without 
the inner gate, and which are ſhut out at night by the 
draw-bridge in the curtain of the body of the place : 
Theſe buildings conſiſt of two rooms, one for the 
officer, and the other for private men, as the plan and 
elevation in this plate ſhews. 

The officers room is 12 by 12 feet, and that of the 
private men 12 by 15; and there is a piazza of four 
arches before it, of 6 feet broad, and as long as the 
building, for the ſentry to walk under in hot and 
rainy weather; the arches are ſupported by five piers 
or pillars of about 15 inches ſquare, and at 6 feet diſ- 
tant from each other : the wall is two feet thick, the 
windows 3 wide, and as high again; the chimneys 
4 feet wide, and the doors 3 by 7; the elevation is 
about 16 feet high, including the parapet wall of the 
roof : The piazza may be made arched or flat roofed, 
according as it is thought proper by the engineer, 


EEC T. XxX 
Of Bx1DGEs. 


Plate XIV. HE next works in order are the 

bridges of different kinds, ſuch as 
Iraw-bridges, turning-bridges, ſtone or wooden im- 
noveable bridges; as the draw-bridges are immedi- 
tely joined, and make a part of the town-gates, we 
ll enter firſt into their conſtruction. 
hey are generally ten feet wide, and twelve long; 
d are compoſed of the trunion-beam 4, head-beam 5, 
dd fix joiſts C, covered with two inch planks, d: 
he trunion-beam is 12 inches broad, and 10 thick; 
bead. beam 10 broad, and 8 thick, and the joiſts 
* live by ſix, tenanted into the trunion and head- 
O 3 : beam; 
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beam ; as theſe planks would ſoon wear out by the 
carriages that continually paſs over them, they are co- 
vered with iron barrs of ſeven feet long, and about 
three inches broad, one over each joint, and one upon 
the middle of the plank; their number is generally 
32 ; each of theſe bars is faſtened with four cramps, 
which are not repreſented here; the joiſts are likewiſe 
faſtened underneath to the trunion and head-beams 
with iron plates each about 3 feet long : the trunions 
are about fix inches long, three in diameter ; faſtened 
to the trunion-beam with two plates, one above and 
the other below ; bolted and rivetted together; the 
rings or handles of the chains are joined to the head- 
beam much in the ſame manner as the trunions, 
Draw-bridges are drawn up and let down, by various 
contrivances; the moſt common way is, by a wooden 
frame, ſuch as is joined to the draw-bridge in the third 
figure; it may be obſerved, that the ſide beams GK, 
HN, go tapering from the trunions E, F, towards the 
ends K, N, in order to make the frame EG H F, nearly 
of the ſame weight as the draw- bridge: It turns round 
the trunions E, F, upon iron plates, and the frame GH, 
moves in a cellar under the gate-way, built for that 
purpoſe ; there are two holes one on each fide, to 
thruſt two long poles through upon the ends G, H. to 
preſs them down, and raiſe the draw-bridge, as like- 
wiſe, two chains are fixed to theſe ends, paſſing 
through the ſame holes with a large ring at the end df 
each, whereby the baſcul is drawn up, and the drav- 
bridge let down. This method can only be uſed when 
the ditch is dry; for when it is wet, the cellar is apt 
fill with water, notwithſtanding all the care that cn 
be taken in the building of it; whereby the wood will 
rot in a ſhort time, and the draw-bridge in danger 
not being drawn up when it is required ; beſides, the 
making this cellar in a proper manner, ſo as to 
water tight, will be very expenſive. 
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Another method of drawing up draw- bridges, and 
which is often practiſed, is to make the baſcul ſeparate, 
an} not joined to the bridge; ſuch as is repreſented by 
the ſecond figure: This frame is fixed by the trunions 
at L, P, over the gate-way, and two chains fixed on 
the other ends M, Q, go each over two pullies or ra- 
ther rollers, and are faſtened with the other ends to the 
dead B, D, of the draw-bridge B C, figure 1; ſo that 
when the part MQ, is drawn down by chains faſtened 
to them for that purpoſe, the draw-bridge raiſes, 
This method has the advantage, that in caſe the enemy 
ſhould find means to break the chains which faſten the 
draw-bridge to the frame; and thereby make it fall 
down; the frame M P, will alſo fall down and ſtop the 
paſſage, and it will not be in his power to raiſe it: 
But in caſe any thing ſhould happen to the chains, an 
opening W is left in the middle of the frame, to paſs 
through it, and this opening may be ſhut up by a 
wicker, that is to be lockt upon occaſion. We have ſup- 
poſed this method to be uſed in the gate-way, repre- 
ſented in the thirteenth plate, where the ſide view of 
the beam PQ is ſeen in the third figure, as well as 
one of the chains with its rollers. 

t muſt be obſerved, that the head M Q of the 
frame muſt be well loaded with timber, in order to bring 
the frame nearly in equilibrio with the draw- bridge; 
which is not fo eaſily done as one might imagine; 
and experience has ſhewn, that many engineers have 
miſcarried in their deſign : and when this does not 
happen, the draw-bridge cannot be let down nor drawn 
up, without very great difficulty. 

The only way of doing this, is to have timbers or 
any other weights, fixed near the piece MQ, fo as to 
lip off and on, and when both the bridge and frame 
are fixed, to try how much weight will do. 

Plate XV. Another way of fixing draw-bridges, 
's, a baſcul with wings, ſuch as is repreſented by the 
tourth figure, which is fixed over the gate-way, upon 

O 4 th 
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the two trunions E, F, and the chains are faſtened to 
the ends of the wings; and two leſſer ones to the ends 
A, C, of about eight feet long, with a ring of 8 or 
10 inches diameter, in order to draw down the hind 
part of the baſcul, and thereby raiſe the bridge ; and the 
bridge is let down, by raiſing up the hind part AC 
to the height of 5 or 6 feet, and then with poles they 
puſh it up higher, whilſt others get upon the bridge 
to bring it down by their own weight. 

When the bridge is down, two bolts fixed to it are 
puſhed into two ſtaples, drove into the fixed bridge 
and to guard the ſides of the bridge, that nothing may 
fall over; there are two ſtrong chains faſtened with one 
end to the wall, and the other to the poſt of the im- 
moveable bridge, about four feet above the dray- 
bridge. 

It is eaſily perceived, that the baſcul E C, muſt be 
of ſuch a weight as that the bridge may be drawn up 
with a ſmall force; for which reaſon, the frame is 
loaded with timber towards the hind part A C, in the 
manner repreſented here, in this figure; and it hap- 
pens ſometimes, that they are obliged to faſten ſhells 
or any other heavy weight at the ends A, C, to bring 
the weight of the baſcul nearly equal to that of the 
draw-bridge. 

This method of fixing draw- bridges has been in uſe 
a long while, and has been praiſed more than any 
other ; but when it is uſed in the draw-bridge of the 
body of the place; the cavities cut into the front of the 
building to receive the wings, disfigure the ow 
ments of that front very much; and another inconve- 
niency it has, is, that every time the bridge is raiſed, 
it requires a great force at firſt to move it; this motion 
accelerates afterwards more and more, till at laſt it be- 
comes ſo great, that it ſhakes the building very much. 

But when draw-bridges are made to the outworks, 
or ſometimes on the middle of a fixed bridge, tl 
method is always uſed ; then the baſcul A Ds upp 


4 
7 


So 


-—_ we 7 W.Y 4 « # » 


LL 
- 


* 7 & = 


Nn ry ST ne N 


uſe 
ny 
the 
he 
2 


ve 


Kd. 15. FORTI FICATION. 201 


ed by a wooden frame, of about 12 feet high, upon 
which the trunions E, F, turn : It is true, that when 
the bridge is drawn up, the wings are upright, and 
exceed the height of the bridge, by about 12 feet, 
which the beſiegers endeavour to break by firing at 
them, and if they accompliſh their deſign, the draw- 
bridge falls down, whereby the paſlage is left open : 
But as no other method has yet been found, that an- 
ſwers the purpoſe better, this has been uſed to this 
day. 
Mr. Belidor has propoſed a new method of moving 
draw-bridges, in his Science des Ingenieurs, that ſeems 
to be preferable to any other hitherto known : which 
is, inſtead of a baſcul, he fixes two cylindrical-weights 
to the chains, which move in a curve on each ſide of 
the paſſage, in ſuch a manner, that the motion of the 
bridge is always uniform, provided, theſe — are 
properly adapted; ſo that without ſpoiling the front of 
the building, or ſhaking it, two men may move it up 
and down with the greateſt caſe. 

Thoſe young engineers, who are deſirous of knows 
ing how this curve is conſtructed, and the weights are 
applied, may conſult that author. 


Of fixed or immoveable BRIDGES. 


Fixed or common bridges are either built with wood 
or ſtone, and ſometimes with both; they are of various 
lengths, according as the ditch or river is leſs or more 
broad ; they differ likewiſe in their breadth; for thoſe 
built over the ditches of a fortreſs, are ſeldom above 
14 feet broad, which is ſufficient for two carriages to 
pals in breaſt, though they never allow above one at a 
time: but bridges built over large rivers, are from 
20 to 36 feet broad: That at Fulham is 22 feet broad, 
and Weſtminſter bridge 44, including the foot paſſages, 
and parapet walls. 

When the bridge is to be built with ſtone, and the 
ditch is dry; the manner of laying the foundations — 
8 
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the piers, is the ſame as that of walls; it muſt only 
be obſerved, that as the piers ſupport a great weight, 
the baſe of the foundation muſt be made large in 
proportion; and they are always piled, and have a 
wooden grate over them, unleſs the bottom be rocky, 
or otherwiſe very hard: But when the ditch is wet, 
two rows of dove-tail piles, or planks, are drove round 
the foundation, at about 6 feet diſtance from it, and 
4, 5, or 6 feet from each other; and the interval be. 
tween theſe two rows of piles, is rammed full of clay, 
fo as to keep the water out; or elſe, two rows of 
common piles are drove as before, of 3, 4, or g, diſ- 
tant from each other, and to theſe piles are nailed 
boards at the inſide, and then the interval is filled with 
rammed clay as before. | 

This being done, the water is pumped out, and 
the foundation ſunk, as before: This method will 
ſerve in moſt caſes, excepting in deep water, where 
the current is very great: As to the proportions of 
the piers, in regard to the width of the arches, and 
the length of the arch-ſtones, they will be given in the 
latter end of this work. 

If the bridge is made of wood, after- the ditch has 
been ſunk to its proper depth, rows of piles are drove 
a- croſs the length of the bridge, at 10 or 12 feet diſtant 
from one another; the length of theſe rows is equal to 
the breadth of the bridge; and 4, 5, or 6, piles in each 
of them; when they are drove in as far as my =” 

o; the upper part is made „ 0 
Flate XV. — —.— laid over them, into which 
they are tenanted ; over theſe the tie- beams are laid, 
and then the planks. The firſt figure repreſents the 
elevation of ſuch a bridge, the ſecond the plan, and 
the third the ſection, 

The piles A, are a foot ſquare, and the bearing 
beams B, 14 inches broad, and 15 or 16 high, 
the tie- beams C, 8 inches broad, and 12 high; a5 
the binding joiſts D, they are about 8 inches * 


- 
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| 6 broad; the planks are 4 inches thick; the poſts E. 
0 about 4 by 6 inches, the top- rails d, about the fame 


i, dimenſions z the middle rails e, and ſtruts f, are ſome- 
. what leſs than the former. 

The bearing-beams B, are ten feet from each other, 
12 ſupported by five piles each, and often with more, 


dar is, when the bridge is very high : Theſe piles 
n4 Wl £ould open below, as is repreſented in the ſection, 
„. fgure 3; but as it is eaſier to drive them vertically, 
they are generally in that poſition; but ſince Mr. 
Faves new invented machine, they are as eaſily drove 
ic Wl ebligely as upright z we chooſe this poſition, as mak- 
rs the bridge ſtronger and firm: If the foundation is 
bnd and ſtony, the piles are ſhod with iron: The 
abuttments of all bridges are always made of ſtone, 
nd becauſe the firmneſs and ſtrength of the bridge depends 
vil very much thereon. 
W's When a bridge is made over a navigable river, the 
of Wl middle opening between the piles is made wider than 
adde reſt, in order that boats and ſmall craft may paſs 
the through; and to prevent them from running foul on 
the piles, two or three planks are nailed on them, a 
little above the ſurface of the water. When the cur- 
rent is pretty rapid, it is neceſſary to add breakers; 
that is, two rows of piles are drove within five or fix 
feet of each other, and two piles in the center line 
detween them, at about ſix or eight feet diſtance from 
tne bridge, ſo as to preſent a point on each ſide; theſe 
ples are braced to the others with timbers of about 4 
by inches, in two or three places; there are alſo 
boards nailed to them, in the ſame manner as we have 
mentioned before. This is the way that Fulbam 
bridge was built ; but thoſe over the ditches of a for- 
treſs require no ſuch precautions. 

As the piles of wooden bridges are liable to rot very 
bon, in ditches which are ſometimes wet, and at 
vers dry; the beſt way to make the work durable, 
to lay a foundation of maſonry under them, as high 

as 
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nature to that poſition ; whereas the latter affirm, on 
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as the higheſt water, upon which ſtrong beams ate 
laid, into which the piles are fixed with tenants ; this 
will make the bridge laſt much longer, and thereby, 
the often repairing is avoided, which is not only ex- 


penſive, but likewile very inconvenient in the ſtopping 


the paſlage out and in of the place. 

To prevent the carriages from deſtroying the planks, 
ſand and gravel is laid over them, of about a foot or 
more deep; and very often they are on eſpetially, 
thoſe of tortified places; the gravel or pavement is 
made higher in the middle than at the ends, that the 
rain water may run off freely, and not rot the wood: 
This may be ſeen in the third figure, as likewiſe in the 
ſecond; where one part repreſents the gravel or pare- 
ment, and the others, the planks and the binding 
joiſts. 

; Some engineers drive the thickeſt part of the piles 
foremoſt, and on the contrary, others the ſmalleſt; 
the reaſon the former give for their practice, is, they 
ſay, that timber ſhould be uſed in the poſition they 
grow, whereby they will laſt longer; becauſe ti 
fibres or grain of the wood being as it were adapted by 


the contrary, and I think, with good reaſon, that be. 
ing placed ſo, the wet will enter more eaſily in thoſe 
parts, where the branches have been cut off, and 0! 
conſequence, the wood will ſooner decay : but if they 
are in a contrary poſition, the water will run off, with 
out being able to enter through the pores of the wood. 
As our deſign is not to give a compleat treatiſe on 
bridges, but only ſo much as is neceffary for a young 
engineer to know, and what moſt commonly happens in 
practice; we ſhall enter no farther into the manner ol 
making all ſorts of wooden bridges, either with 1 
fingle arch, or with a great many; neither ſhall we lif 
any thing of turning or flying bridges, as being uncon- 
mon in this country; we ſhall add only ſomething te 
lating to bridges of communication from one — f 
| another; 


ect. 


moth 
buſing 


tenai! 
near 
para 
throv 


Of 
Plate 


in thi 
paſſa 
hic 
the t 
part 


8d. 16. FORT IFICATION. 205 


mother; as relating more immediately to an engineers 
bulineſs. 

As the beliegers endeavour always to deſtroy theſe 
bridges if poſſible, either with fire, ſhells, or ſhot; 
in order to hinder the troops in the outworks from be- 
ing relieved or ſuccoured by the garriſon, and to ob- 
tru their retiring, when the preſſed: To prevent 
this, theſe bridges are made as low as is poſſible, that 
js, they are made even with the ſurface of the water, 
ud ſometimes a foot under it; and to ſave ex- 
pences, piles are drove in the manner mentioned above, 
oppolite to each other, and covered with a tie - beam; 
tus is repeated at every ten or twelve feet diſtance, 
quite croſs the ditch, like ſo many truſſes; over which 
planks are laid, when there is occaſion to paſs over, 
and not before; at all other times theſe planks are 
kept in ſtore-houſes. 

When there is a ſufficient depth of water, a good 
number of boats are alſo kept to paſs from the curtain 
to the ravelin, in caſe the bridges ſhould fail: thoſe 
that go from the. ravelins to a counterguard, Junet, 
tenaillon, or into the covert-way, are always placed 
near the extremity of the faces, where a part of the 
parapet is cut off, to paſs by, or elſe a paſſage is made 
through it for that purpoſe. 


SE CT. XVI. 


V Barzters, GaTEs, and PoRTCULISSES. 


late XV, HE fifth figure in this plate repre- 
| ſents a barricr-gate, ſuch as are made 
iu the covert-way, at the entrance of a town, or in the 
Pallages cut in the places of arms, through the glacis ; 
nich is about 14 or 15 feet wide, and 10 feet high : 
be two ſide· poſts are from 10 to 12 inches ſquare, the 
art which is ſunk into the ground is left rough, and 

I about 


206 PRACTICAL Pari Ill. 


about ſix feet long; the threſhold is as broad as the 
poſts are thick, and about fix inches high : the frames 
of the gates are from 5 to 6 inches ſquare, and the 
planks 3 inches thick. Theſe gates are locked by an 
iron bar, turning about a bolt, ſo as that when one 
end raiſes, the other turns down, and one end is catch- 
ed by an iron hook, whilſt the other is faſtened with a 
padlock. | 

The fourth figure repreſents a gate made under the 
covered gate-way ; each fide turns upon a ſtrong iron 
pivot, ſtanding on an iron ſocket, and are faſtened 
above to the wall, with hooks and hinges, much in 
the uſual manner of common doors; the outſide is 
covered with iron bars, in the manner repreſented here, 
for about eight feer high, and the parts between the 
bars, are drove full of diamond headed nails, to pre- 
vent their being cut open: In one of theſe gates, is 
made a wicket, in order to paſs through, when there 
is any danger of ſurprize, and in the morning before 
the party of men, that is ſent out to reconnoitre and 
ſee whether any enemy appears, is returned; the upper 
part of the gate is left plain, without any iron, because 
there is no danger of cutting it there. 

The fifth figure of this plate repreſents a harrow or 
Port-culiſs, which is drawn up by means of two chains 
fixed to the upper ends A and B, and the other ends 
are faſtened to a wooden roller, with a handle on each 
ſide, which, when turned round, the chains roll upon 
it, and lift up the gate, and faſtened above, by two 
ſtrong bolts : the lower croſs bar is covered with an 
iron flat bar from one end to the other, as likewiſe the 
rails or uprights as high as a man can reach, to prevent 
its being cut open. 

Theſe portculiſſes are, in my opinion, better than 
thoſe called organs, becauſe if an enemy ſhould come 
ſo near as to cut it open, it will not be ſo eaſil) done, 
if they are well covcred with iron; and the men be- 


hind them may fire through it with very little danger 
whereas, 
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whereas, the enemy muſt be very much expoſed to 
heir fire: beſides, there might be an opening left 
above, to throw ſtones and blocks of wood upon thoſe 
that dare approach them, 
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SECT. XVIL 


— 
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0f SENTRY-BOXES and NECESSARY- 
HOUSES. 


ORMERLY ſentry-boxes were made of hewn 
ſtones, and placed on the failant angles of the 
baſtions, ravelins, and other outworks, and fixed to 
the walls ; as they may be ſeen in moſt fortified towns 
n France, with a flower de luce at the top of them: 
bor it has been found by experience that they ſerve as 
ore works for the beſiegers to direct their approaches by, 
de bor which reaſon, they build no more in this manner: 
nde preſent method is to make them of wood, and fo 
per I 10 be moved from one place to another; and they 
ue re moſtly placed at preſent upon the middle of the 
parapets of the faces; and wooden ſteps are made to 
ert up, or ſlopes are ſometimes cut into the parapet 
ins or that purpoſe 3 by which the enemy has it not in 
nds power, to make any advantage of their ſight ; theſe 
ach coden ones are, beſides, leſs expenſive, and anfwer the 
2 tent full as well, which ought always to be conſi- 
cred in every kind of work whatſoever. 
Plate XV. The figure given to fentry-boxes, is 
either pentagonal or ſquare; we made it à pentagon, 
% may be ſeen in the a figure 6, and the elevation, 
"Sure 7, as being more convenient; for by turuing 
de point outwards, the adjacent parts are better diſ- 
covered from the ſides next to that angle: the ſides 
de about four feet long, and ſix feet high; the tim- 
ers of the baſe ought to project about a foot each way, 
as to have a good baſe to ſtand upon, to _—_ 
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the wind from blowing it dowh; and if this baſe i 
not ſufficient, it may be pinned down by ſtakes: I 
each ſide is a hole to look out, of 4 inches broad, af 
8 high: as the plan, and elevation of this ſentrychꝶ 
is ſo plain, there requires no further explanation. | 

The ſentry-boxes. placed near the governor's houſe, 
powder-magazine, ſtore-houſes, &c. are made of g 
ſquare form, becauſe. the ſentry has but one op tw 
places to obſerve : each ſide of the baſe is font'fea; 
and the box fix high, beſides the covert : and they are 
1 made ſo light as to be eaſily turned about, or carried 
; from one place to another. ; 205% 
Public boghouſes fall likewiſe under the care 
the engineer: they ought to be placed over -riveny 
or ſtanding water, if it can be done, to 2 
poſſible, the ſtench from becoming nauſeous; but 
j where this cannot be done, they are placed on the 
curtain, where a paſſage is cut through the-parapetz 
and ſupported with braces againſt the wall, ſo a 8 
hang over the ditch: but care muſt be taken, not46 
place them too near the ſally- ports, otherwiſe, they 
will make the paſſage diſagreeable, But, in my og 
i nion, if they were placed at the ſlope of the rampant 
L over the common-ſhores, it would. be much better 
j becauſe the rain and other waters of the ſtreets would 
carry off all. the naſtineſs, which makes them ſo-dil- 
greeable, | 
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Diſtribution of Housss and STREBTS 


WNS were formerly built 'any how, accord- 

ing to the builder's fancy, without the. leaſt *. 

gard to regularity or beauty : but now-a-day, 1 
place is fortified, which is not occupied by any 

or other buildings, great care is taken, to make "I 
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part within as regular as is poſſible; for which reaſon, 
cre is taken to make the ground level, at equal dif- 
tances from the center of the place, and deſcending 
gradually from that point in an eaſy ſlope towards the 

parts; that the waters in the ſtreet may run into 

e ditch. 

Some German engineers, will have the ſtreets to part 
rom the center of the place, and directed to the mid- 
Ile of the baſtions and curtains, pretending that there- 
, the troops aſſembled upon the parade, may render 

ſelves in a ſhorter time to any part of the rampart, 
here their preſence is required; this might be well 

r the defence; but then all the houſes, and other 

dings are made with a bevil, which is ſo great an 

conveniency, that I believe, this method will never 

put in practice. 5 

It is not only the regularity of the ſtreets, which is 

cient, but likewiſe the rightly placing all the mili- 

buildings, ſuch- as the governor's houſe, guard- 
buſes, ſtore-houſes, and magazines of different kinds: 
te governor's houſe is aptly placed in the middle of 
ſide of the great ſquare, oppoſite to the great church, 
that he may ſee the troops, parade, and the garri- 
under arms, from his windows, or gallery; there 

ld likewiſe be a guard- room in that ſquare, from 

hich the ſentries placed at the governors'door, and 

ar the magazine are taken: the other guard-rooms 
placed near the gates, and ſometimes one near the 
ks: The ſtorechouſes and magazines are beſt 

the ramparts, where they are at hand in caſe of a 

e: As to the powder-magazines, they are always 

ced in the gorges of the baſtions. In plaees near the 

or navigable rivers, the naval ſtore-houſes muſt 
near the harbour, where the ſhips lie, as poſſible'; 
the contrary, thoſe for land ſervice on the oppoſite, 
land ſide; as we have mentioned in the firſt: book 
tification, - where we have given the conſtruction 

ole places. 
When 
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When a town is very large, and therefore muc 
room to build upon, it is neceſſary for the public uſe 
to make ſeveral ſquares; but on the contrary, if thy 
place is but little, and no room to ſpare, there my 
at leaſt be one, in the center of the place, whoſe big 
neſs ought to be in proportion to the exrent of the for 
tification, and conſequently, to the number of troop 
required to defend it: For this ſquare not only ſerve 
as a market place, but likewiſe, to draw up the troo 
and parade on it. Mr. Belidor thinks, that a forte 
of ſix baſtions, whoſe exterior ſide is 180 fathom 
ſhould have a ſquare, whoſe ſide is from 40 to 45 
thoms, a place of ſeven baſtions, one whoſe ſide 1 
from 55 to 60; that of 8 baſtions, from 50 to 75 
that of nine or ten baſtions, from 80 to 85; and laſtly 
that of eleven or twelve baſtions, from go to 95 f 
thoms ; however, he ſays, that the engineer employ 
in theſe works, will be able to judge of the prope 
bigneſs which theſe ſquares ought to have. 

There is commonly an open ſpace left at thee 
trance of every gate of the town, in order thattl 
guard-houſe, which is made there, may have rod! 
before it, to draw up the guard, and, in caſe of dangs 
to defend the gate and adjacent places: beſides, tid 
openings have a good appearance, and ſerve alſo 
the carriages to get out of the way, when any ode 
are coming in. 

In regard to the ſtreets, the principal ones ſhou 
go from the great or principal ſquare in the cent 
directly to the town- gates; to the ramparts, uc 
the citadel or harbour, if there is any; in order to 
enfiladed by the guns and troops, placed in that {qui 
in caſe of any danger or ſurprize: It muſt be d 
ſerved, that the croſs ſtreets are all parallel to d 
another, and perpendicular to the former; ſo that 
the buildings be at right angles to each other. 
The principal ſtreets are generally 36 feet wide 
order that three carriages may paſs a-brealt * 
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me, or if two of them ſhould ſtop, another may 
is by, as likewiſe room for the foot paſſengers; but 
regard to the other ſtreets, they need not be ſo 
urge; if they are from 18 to 24 feet wide, it will be 
uficient, becauſe there paſs ſeldom above one or two 
rriages at a time. 
The diſtance between one ſtreet to that which is par- 
nel to it, is various; Mr. Vauban made them only 
he breadth of three houſes, at New Briſac ; that is, 
but one between the two corner houſes z; which, in my 
Wvinion, is not ſufficient, becauſe there is ſcarcely any 
wom left behind to build warehouſes, or ſhops, for 
okmen, which are abſolutely neceſſary ; neither is 
tere any room for gardens or openings for the light 
nd air to paſs freely, both uſeful for the preſervation 
i the inhabitants, 
We ſuppoſe that each houſe takes up 36 feet in the 
ont, and the interval between the parallel ſtreets is 
qual to the breadth of four houſes, or 144 feet; ſo 
at if the houſes are 36 feet deep, each of them will 
ave an opening behind of the ſame extent, excepting 
Ie corner houſes ; either for a garden, or to build 
ops or ſtore-houſes : we ſuppoſe that the ſhops to 
ork in are all behind, and in the front only thoſe to 
pole and ſell the goods. 
Plate XVI. We made but one ſquare in this deſign, 
woſe ſides are 75 fathoms, but if it ſhould be thought 
cceſſary to make more, one of the ſpots occupied by 
wules terminated by four ſtreets, in the moſt conve- 
ſent place may be uſed for that purpoſe; and it is 
ere where the market for dry goods may be kept, 
da town houſe ſhould be built. 
The governor's houſe is ſuppoſed to be in the great 
are, marked by the letter B, and the great church 
Ppolite to it, marked C: the governor's houſe takes 
pas much room as three others, and his garden as 
uch as two: ſo that the houſe is 108 feet in front, 
4 36 in depth, and the garden 36 feet broad, and 
of 


72 
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72 long : and if this is not thought ſufficient, the whole 
opening behind may be taken into his garden, 

It is alſo common to build a fountain in the very 
center of the place, or great ſquare, decorated in a 
neat manner, with four ſpouts facing the four pincipa 
ſtreets: For ſince water is the moſt neceſſary thing 
wanting in a garriſon, both for men and cattle ; there 
cannot be too much care taken to ſupply the place 
with it: for which reaſon, water is brought from 
ſprings, or rivers near hand, by means of pipes, and 
engines if neceſſary, at the fame time that the town is 
built; there ought beſides this, in the center of the 
Place, to be ſeveral others contrived in the corner of the 
ſtreets, if the place is large, to ſupply every part di 
the town plentifully. 

When an old place is fortified where there are houſes, 
the ſtreets are left as they were; the principal ons 
are only widened and made ftrait if poſſible, either by 
demoliſhing the old houſes, and building new ones, or 
elſe waiting till the old ones decay, and then obliging thc 
inhabitants to build them in a ſtrait line: this is often 
practiſed by the French, when they fortify old towns 
as I have ſeen at Douay, and other places: it is tn 
that this is againſt the laws of England ; but any thing 
that tends to the benefit of the public in general, ougit 
to be preferred before the obſtinacy of private peop!s 
who loſe nothing by it. 

In new places built abroad, in plantations where 
there is ſufficient room, and where the fortification 
often conſiſts of the town-wall, and ditch only; 
would make the intervals between the ſtreets great! 
than what we have repreſented here in this plan, 
likewiſe all the bye ſtreets about 30 feet wide: fer 
nothing contributes more to the wholeſomnels 
the place, as well as agreeableneſs, than fine la 
ſtreets, and great openings behind the houſes, pla 
with trees, eſpecially in warm climates; beſides, as 
ſhops to work in, ſhould be built there, and no 1 5 


1.08.18. FORTIFICAT ION. 213 


nole N ught to be permitted in the front of the ſtreets, than 

toſe for the ſelling goods, as we have obſerved before. 
err The engineer employed in the building of Halifax, 
n Nova Scotia, has, in my opinion, committed a great 
ipal riſtake, in building the ſtreets ſo near to each other as 
ng i: did; for each houſe is 36 feet in front, and 72 in 
here <:pth, and no opening is left behind, as I have been 
lace BMW informed, by an officer that was there, and employed 
rom n the works. This miſtake can ariſe from no other 
and reaſon, than the manner of building fortified places in 
vn rope but the caſe is quite different, becauſe places 
e fave a great number of outworks, beſides the body of 
f the te place; for which reaſon, we are obliged to crowd 
t eie buildings as much as we can, that there may be 

nom for the inhabitants, beſides a large garriſon : 


uſes, WE whereas abroad, where the fortification is inconſider- 
one dle, the place ſhould be made as pleaſant, and con- 
r rnient as poſſible. . 

5, lt was ſaid, the few people that went there, were not 
gur cient to clear a larger ſpot of ground; but in an- 


Irer to this, I ſay, they need not clear more ground 
: firſt than to build upon; and leave the openings 
b:tind, for another opportunity, when they have more 
me; by doing this, the wood left may ſerve for tim- 
er to build out-houſes, and the branches for fewel to 
wn, when perhaps, they muſt go far for it, and are 
poſed to the inſults of the Indians at the ſame time. 

The ſtore-houfes for ammunition and artillery, being 
nllitary edifices, and requiring much room, it is not 
to determine their ſituations, becauſe they depend 
a many circumſtances, which cannot ſo well be known 
upon the ſpot; it is neceſſary to obſerve, that they 
ould be ſeparate from one another, as well as from 
der buildings, to prevent accidents as much as is 
jllible, which may happen by. ſetting the adjacent 
uidings on fire, either by chance, or by the contri- 
ance of an enemy : When there is a brook or river that 


ſes through the town, it is requiſite, for the good 
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of the ſervice, that the ſtore-houſes ſhould be nearing 
to bring timber and other materials, as well as ſtores 
by means of water carriages. „5 
We placed the ſtore- houſes and magazines here, net 
the curtains, which have no town - gates; ſuch as an 
marked D; becauſe they are near at hand, to trank 
port them upon the rampart, where they are wand 
in caſe of a ſiege : and the triangular openings-formel 
by the ſtreets, may ſerve them as yards, which ſhoul 
be walled in; they are likewiſe near the barracks 
which is another conveniency ; for as ſoldiers are-calth 
monly employed in ranging and moving them, a 
are near at hand upon all occaſions. = 
The barracks are generally placed near the rail 
of the curtains, as marked here by the letter G 
pavillions H at the ends, which are deſigned ſor 
the officers lodgments; this is undoubtedly the yt 
reſt place for them; becauſe an open ſpace mal 
eft before them to draw up and exerciſe the 
the detachments in time of war may be more — 
made for any enterprize that might be thought 
ſary, which could not ſo well be done in a, 
lace; and the troops are quite ſeparated from them 
abitauts, with whom they do not always agree. 
As the tap-houſes and bake-houſes, for amminit 
bread, are neceſſary for the ſubſiſtence of the 
riſon, they ought to be built near the barracks, A 
as to have a guard-room. not far from them, ina 
to prevent any riotous proceedings, that mi 
pen ; and as to the hoſpital, it is almoſt nee 
mention, that it ſhould be placed in ſome bye p 
other, ſo as to be ſeparate from the inhabitants 
noiſe of the workmen ; eſpecially near a 
river, in caſe there is any that paſſes through the 
This is nearly all that can be ſaid in regard de 
ſubject, when the place is large; but in fl | 
there requires not ſo many ſtore-houſes, which 


ever are always placed near the rampart, In ſuc 
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where there are harbours or citadels, regard muſt be 
had to them in the placing theſe buildings; but the 
ſubject being ſo plain and eaſy, it requires no far- 
ther explanation; ſince a little practice and common 
ſenſe, will ſuggeſt the neceſſity of placing theſe build- 
ings in the moſt convenient manner : but the execu- 
tion of theſe, and all other military buildings, requires 
much more capacity and knowledge; in order to make 
them ſolid, and at the ſame time convenient ; which 
we ſhall diſcuſs more particularly, by treating of them 
each ſeparately. 

We have omitted ſeveral other things too trifling to 
be mentioned, which the reader will partly ſee in the 
ſixteenth plate, which beſides will ſerve as a further 
illuſtration to what has been mentioned; and what re- 
mains to be done, we mult leave the ſagacious reader 
to find out himſelf, the ſubject being too copious to 


treat particularly of all the minute parts. 


SECT. XIX. 
Of PowDER-MAGAZINES. 


F powder- magazines were made in 
a quite different manner from thoſe at preſent ; they 
Placed the powder in towers that had been built in 
the town-walls, by which they became liable to many 
«cidents ; for when the powder happened to be ſet on 
fre, either by chance or by ſome concerted ſcheme 
of the enemy with the inhabitants, it opened the town, 
and made a breach for the enemy to enter, as it hap- 
pened at Aire, according to Mr. Belidor, when that 
Place belonged to the Spaniards : The French, who 
then beſieged it, having got intelligence from ſome in- 
tant, found means to ſet the powder on fire, 
that was placed in one of the baſtions; which had ſo 
vat an effect, as to make a large breach, and as ſoon 
P 4 as 
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as the beſiegers had prepared for an aſſault, the garri. 
ſon ſurrendered, whereas, without this accident, they 
might have defended themſelves much longer. 

Finding by experience, that the building magazines 
in the rampart, was of dangerous conſequence; they 
are now placed in different parts of the town, and made 
of various figures; but it was a great while before the 
right one was found: the moſt common, had ſeveral 
Pillars in the middle to ſupport the arches ; but to bring 
theſe double arches under the ſame roof, the top muſt 
be loaded with ſo great a quantity of maſonry as almoſt 
burſt the arches : finding this method inconvenient, it 
was agreed to make them of one ſingle arch, as being 
much better than the former: the form of this arch 
was of the Gothic kind, and in order to get more room 
for lodging the powder, a floor was made at the 
ſpring of it. 

Plate XVII. But Mr. Vauban having obſerved in 
ſeveral ſieges, that theſe kind of arches were too weak, 
and that the floor loaded the piers very much to no 
purpoſe ; ſince prudence requires not to lodge ſo much 
powder in the. ſame place; and being better to divide 
it into ſeveral parts, he abſolutely rejected all the 
different methods till then followed, and propoſed 
a new one, much more perfect; and which is that 
repreſented by the firſt and ſecond figures, and is the 
only one hitherto executed with ſucceſs ; though 
ſomething may be changed for the better, as we ſhall 
ſhew hereafter. 

If we may believe what has been ſaid on that ſub- 
ject, we are told, that there was thrown upwards of 80 
ſhells upon a magazine of this ſort, at Landaw, vith- 
out doing the leaſt damage to the vault : the ſame 
thing is reported to have happened at 4th, and in ſe 
veral other places. Mr. Demus director of fortific 
tion, and a perſon of good reputation, aſſures, that in 
the ſiege of Tournay, by the duke of Malborow" 


wheie he ſerved; there was thrown upwards of 4s 
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ſhells into the citadel, and the greateſt part of them 


fell upon two powder- magazines of this fort, and yet 


neither of them was damaged; whereas there were 
ſome built with Gothic arches, that were deſtroyed by 
three or four ſhells that fell upon them, notwithſtand- 
ing that they had been covered with five or ſix feet of 
earth, ſometime before the ſiege begun. 

The dimenſions of Mr. Vauban's magazines, are as 
follow ; the plan is G feet long, clear within, and 25 
broad; the foundations are 9 or Io feet thick under 
the long ſides which ſupport the arch; and theſe ſides 
he made 8 or ꝗ feet thick, according as the maſonry 
was good or indifferent, and 8 feet high from the foun- 
dation to the ſpring of the arch; ſo that making the 
foor about two feet from the ground to keep it free 
from all dampneſs, there remained 6 feet for the height 
of the ſtory. | 

The thinneſt part or hanches of the arch is three 
feet thick, and the arch made of four leſſer ones, one 
over the other, and the outſide of the whole terminated 
in a ſlope to form the roof; from the higheſt part of 
the arch to the ridges is 8 feet, which makes the 
angle ſomewhat greater than go degrees; the two 
vings, or gable ends, are four feet thick, raiſed ſome- 
hat higher than the roof, as is cuſtomary in other build- 
ings; as to their foundations they are 5 feet thick, and 
% deep as the nature of the ground required. 

The piers or long ſides are ſupported by four coun- 
terforts, each of ſix feet broad, and 4 feet long, and 
their interval 12 feet; between the intervals of the 
counterforts, are air holes, in order to keep the maga- 
zine dry and free from dampneſs; the dices of theſe 
ar-holes are commonly a foot and a half every way, 
and the vacant ſpace round them three inches, made 
ſo as the in and outſides be in the ſame direction, as 
may be ſeen by the plan; the dices ſerve to prevent an 
enemy from throwing fire in, to burn the magazine, 

tor a further precaution, it is neceſſary to - 
racle 
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theſe air holes with ſeveral iron plates, th at have ſmall 
holes in them like a ſkimmer, otherwiſe fire might be 
tied to the tail of a ſmall animal, and ſo drive it in that 
way; this would be no hard matter to do, ſince where 
this precaution has been neglected, egg-ſhells have 
been found within, that have been carried there by 
weaſles. 

To keep the floor from dampneſs, beams are laid 
long-ways, and to prevent theſe beams from being 
ſoon rotten, large ſtones are are laid under them, theſe 
beams are 8 or ꝗ inches ſquare, or rather 10 high and 
8 broad, which 1s better, and 18 inches diſtant from 
each other; their interval is filled with dry ſea coals, or 
chips of dry ſtones, then over theſe beams are others 
laid croſs-ways, of 4 inches broad, and 5 high, which 
are covered with two inch planks. 

To give light to the magazine, a window is made 
in each wing, which are ſhut up by two ſhutters of 2 
or 3 inches thick, one within and the other without; 
that which is on the outſide is covered with an iron 
plate, and is faſtened with bolts, as well as that on the 
inſide. Theſe windows are made very high, for fear 
of accidents, and are opened by means of a ladder, 
to give air to the magazine in fine dry weather, 

There is likewiſe a double door made of ſtrong 
planks, the one opens on the outſide, and the other 
within; the outſide one is alſo covered with an iron 
Plate, and both are locked by a ſtrong double lock; 
the ſtore-keeper has the key of the outſide, and the 
governor that of the inſide : the door ought to face 
the ſouth nearly if poſſible; in order to render the ma. 
gazine as light as can be, and that the wind blowing 
in may be dry and warm, Sometimes a wall of 10 
feet high is built round the magazine about 12 diſtant 
from it, to prevent any thing from approaching it 
without being ſeen. 

Here we take not ſo much precautions, for I nevet 
did ſee any with double doors, or ſhutters, and = 
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are built in ſo flight a manner, that it would be an 
eaſy matter to deſtroy them. I have ſeen a project 
for mending a powder- magazine at Minorca; there 
were to be no leſs than four doors, and as many win- 
dows as are commonly made in a dwelling houſe : there 
was to be likewiſe a brick floor, and to render the 
work compleat, croſs-walls were to be built within, at 
every twelve feet diſtant: and yet this project was 
contrived by a perſon of the greateſt repute tor his ſkill 
in engineering; and would, in all probability, have been 
executed, had I not prevailed with the ſurveyor gene- 
ral at that time to lay it aſide. 

Such a magazine as this will hold about 200,000 
pounds of powder, when the barrels are ſix above one ano- 
ther, which however is not done, but incaſe of neceſſity, 
becauſe when they lie ſo much on each other, it is very 
troubleſome to remove them, and change their poſi- 
tion, which ought to be done once a year at leaſt 
otherwiſe the ſalt petre, being the heavieſt ingredient, 
vill deſcend into the lower part of the barrel, and the 
powder above will loſe much of its goodneſs ; but to 
prevent the barrels from rolling, when ſome are taken 
off, two wooden poſts are erected, of about 4 or 5 
inches ſquare, between every 10 or 12 barrels, by this 
means they may be piled up as high as you pleaſe, 
or taken off without any danger. 

Mr. Belidor would have brick walls made under the 
floor, inſtead of beams, and a double floor laid on the 
croſs-beams ; which does not appear to me to be ſo 
well as the manner propoſed here; the reader is, however, 
a liberty to chooſe that method he likes beſt. f 

Inſtead of making the ſide walls 8 feet thick, as 
Mr. Vauban does, we have made ours here but ſeven, 
nd turned the counterforts contrary to his poſition; 
that is, inſtead of being 6 feet broad, and 4 long, ours 
are 6 feet long, and 4 broad, which ſtrengthen the 
walls very much; as his were only 12 feet diſtant from 
tx other, ours become 14 feet aſunder, __— 
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the extreme ones to be within a foot from the inſide of 
the wings produced. | 

It is likewiſe to be obſerved, that inſtead of making 
four arches one over another, each of them the length 
of a brick thick, in the manner of Mr. Vauban, we 
make but one continued arch three feet thick, which 
makes it much ſtronger, as it eaſily might be proved 
by what has been demonſtrated in the ſecond ſection. 
The reaſon of making our ſide walls ſeven feet thick 
only, inſtead of eight, according to Mr. Vauban, is, 
becauſe we found by the rules of mechanics, and the 
ſtricteſt computation, but 7 feet and two inches, when 
they are four feet long, and ſix broad, but by making 
them ſix feet long, and four broad, the walls are ca- 
pable of a greater reſiſtance than his, and they being 
found ſtrong enough by a long courſe of experience, 
there cannot be the leaſt doubt, but that ours will be 
ſufficiently ſtrong. 
In the theory of arches. we made no allowance for 
friction, but conſidered the ſtones only according to 
their weight, whereas, in that of the walls which ſup- 
port earth, we made an allowance of one third of the 
weight, for the friction, and yet our. walls are as 
ſtrong as thoſe built by Mr. Vauban; it may ſeem con- 
tradictory to make no allowance here; but if it be con- 
fidered, that the ſtones never cloſe and bed fo together, 
as to make one continued ſolid, as the theory ſuppoſes; 
but on the contrary, lay often hollow, and the void 
ſpaces are filled up with bad mortar, it is a great 
while before theſe piers or walls are dry, and become 
capable of as much reſiſtance as is required : beſides, 
an allowance muſt be made to reſiſt the force of the 
ſhells thrown upon them, as has been obſerved in the 
ſecond ſection. * 

In order to ſucceed in theſe kind of buildings, it i 
highly requiſite that the engineer ſhould watch the 
workmen continually, in order to make the walls 4 
ſolid and compact as poſſible, that the ſtones or * 
5 I 
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f bed well, and no holes big enough to hold a ſtone or 
brick to be filled with mortar: And laſtly, to makeuſe of 
the beſt materials to be had thereabouts; and when the 
h uch is built, the centers ſhould be left to ſuppòùrt them, 
e at leaſt for fix months, that is, till the work is ſettled 
h and dry, otherwiſe the arch is in danger of tumbli 
d down, or elſe the walls muſt be made ſtronger than 
1, they need to be. 


k The third and fourth, figures, repreſent the plan and 
$, {tion of a large magazine, for ſtowing a great quan- 
he tiry in the ſame place: the piers or ſide-walls, which 
en ſupport the arch, are here 10 feet thick, 72 feet long, 
ig ad 25 high, from the foundation to the ſpring of the 
2 ach; the middle wall which ſupports the two ſmall 
Ng arches of the ground floor, is 8 feet high, and 18 inch- 
e, es thick, as are likewiſe the arches; the thickneſs of 


the great arch is 3 feet 6 inches, and the counterforts, 
23 well as the air-holes, are the ſame as in the former. 

Such large magazines as this, are by no means to 
be built in fortified towns, becauſe if any accident 
ſhould happen, all the powder would be loſt at once, 
vhereby the place would be obliged to capitulate; but 
in ſome inland part of the country near the capital, 
vhere no enemy is expected, they might be uſed, as 
for a general magazine, and that from thence the pow- 
der might be diſtributed to the ſeveral places where it 
may be wanted : yet, in my opinion, it would be bet- 
ter to make two ſmall ohes, and place them at a pro- 
per diſtance, that if one ſhould be blown up by acci- 
(ent, the other might be ſafe. 

The ridge of the roof makes a right angle in both 
theſe magazines, and it is neceſſary to obſerve, that 
s the foundations grow deeper, ſo they ought to in- 
Creaſe in width; this is obvious from the common 
practice of making walls thicker as they increaſe in 

'ght; but no certain rule has hitherto been given, 
o know how much that increaſe is to be; ſuppoſing 
de foundation to proje& inwards, by fix inches only, 

| whic 
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which ſee ms to be ſufficient, ſince the walls never full 
that way: then I would allow fix inches for every ſoct 
and a half depth, on the outſide, ſo that if the fougs 
dation be ſix feet deep, its breadth muſt be increaſed 
by two feet divided into four ſteps ; by this means u 
may know at all times how broad a foundation muſt 
be, when its depth is known. Although this rule is 
not founded upon a demonſtration, yet by the obſerva 
tions of common practice, it appears to be ſufficiently 
accurate upon all occaſions, n 
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HOUSES, ON 
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| Plate XVIII. DARRACRs are built now-a-day i 
B all fortified places, to keep up Us 

diſcipline, and good order in the garriſon : they hom 

| been found ſo uſeful, that no place is built withoub 
| them; and experience ſhews, that thoſe garriſons which 
have them, are much more quiet, on accounh i the 
conveniency which non-commiſſioned officers hae 
viſit the quarters every evening, and to ſee the Tolkien 
| ſhut vp in their quarters, which cannot be done;y 
they are lodged amongſt the inhabitants, where, 
have the liberty of going out and in whenever the 
pleaſe ; beſides, when the governor has a mijn i 
make a detachment, or ſend out a party, he cannoþ@0 
it, without the knowledge of the whole town; HA 
alarm happens, the garriſon cannot be aſſembled with 
out great trouble and loſs of time; whereas, wit 
there are barracks, every thing neceſſary for the goal 
of the ſervice may be done with eaſe, 4 
Barracks are built different ways, according to thei 
different ſituations. When there is ſufficient rogqꝶ 
make a large ſquare, ſurrounded with buildings, * 
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ue very convenient, becauſe the ſoldiers are eaſily con- 
fined to their quarters, and the rooms being contigu- 
ous, any order may be executed with privacy, and ex- 
pedition, and the ſoldiers have not the leaſt connection 
with the inhabitants of the place, which prevents quar- 
rels and riots. 

This diſpoſition of the barracks, is eſpecially conve- 
nient for the horſe and dragoons, becauſe they want a 
convenient place for the daily mounting their horſes 
and in this caſe, the lodging-rooms are built over the 
ſtables, with a gallery ſerving for a communication 
from one room to another, quite round the building, 
with ſtair-caſes in the corners, and ſometimes another 
in the middle of each front; but care muſt be taken, 
to make the firſt row of lodging rooms pretty high, or 
elſe they will be darkened by the gallery above them. 

When the barracks are built near the ramparts of the 
curtains, as Mr. Yauban has done in almoſt every 
place he fortified, they are compoſed of a large pile 
of building in a ſtrait line, for lodging the ſoldiers, 
with pavillions at the extremities for the officers : theſe 
tarracks are generally two or three ſtories high, beſides 
the ground floor. | 
Between every two rooms in the front, is an entry 
of 8 feet wide, with doors to the four contiguous 
rooms, and a ſtair-caſe leading to the upper ſtories ; as 
to the bigneſs of the rooms, Mr. Vauban made them 
2 feet long, and 18 broad, in order to hold four beds 
each; I have ſeen ſome large enough to hold fix beds, 
and with two chimneys in them; there were three men 
to each bed, which is the cuſtom in all the French gar- 
ſons, becauſe it is ſuppoſed, that one of the three is 
Aways upon duty, ſo — there is never but two in one 

at a time. 

Our barracks here, at Woolwich, are but 16 feet 
ach way, with three beds in each room, to hold fix 
ders only, which is not ſufficient, becauſe it requires 
o large a building to quarter a whole O_ in 

them. 
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dometimes there are piazzas built before the bar - 
cs, as thoſe at Dublin, if I am rightly informed; 
ich are very convenient; for when the troops are 
wn up, and a ſhower of rain comes, they may ſhel- 
themſelves under it, to keep their arms dry, and 
en the companies are to be examined, in regard to 
r cloathes or arms, it may be done there at any 
or ſeaſon. 

In all garriſons it is neceſſary to build hoſpitals for 
x ſick and wounded; its bigneſs ought to be regu- 
&d according to the number of troops required to 
fend it in time of a ſiege, and it has been found by 
derience, that out of 25 men, there is generally one 
*; yet it ought to be obſerved, that in fortreſſes 
It in low or marſhy ground, there are more people 


, than in places ſtanding on a high ground in good 


Knowing nearly the number of ſick people, the num- 
rof beds wanted will alſo be known, and conſequent- 
the bigneſs of the building, which conſiſts of a 
g room to hold four rows of beds, and another 
ove itz theſe rooms the French make 42 feet wide, 
therefore if but two rows of beds be required, 20 
1 feet will do; each bed ought to be 4 feet wide, 
6.5 feet long, and the diſtance from one bed to the 
at can be no leſs than 4 feet, ſo that as many times 
tet as there are beds, will be the length of the room 
ich is to hold but two. rows of beds, or half that 
geh, if it is to hold four rows. 

telides theſe rooms, there muſt likewiſe be lodging 
ums for a doctor, ſurgeon, their mates and at- 
lants, for the nurſes and ſervants; a kitchen and 
mary, as well as a yard to dry their linen: In ſhort, 
building is to contain every thing neceſſary, both 
lodging and conveniency of the hoſpital. 

n regard to their ſituation, we have ſpoke of it 
dy, but I muſt add, that if it is not poſſible to 
It near a river, a canal might be cut to it, becauſe 
water 
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water is abſolutely neceſſary, for cleaning the apparel 
of the ſick and wounded ; for neatneſs in general, is 
abſolutely neceſſary in ſuch places, where the ſmell of 
ſo wany fores, wounds, and other ſickneſs muſt other- 
wiſe be very offenſive, * 
We have not given any plans of hoſpitals, becauſe 
they may be conſtructed various ways, according tg 
their {1tuarions and bigneſs, which an engineer up; 
tie ſpot, will be acquainted with, and from then 
regulate his draughts accordingly, and it would na 
be am iſs to conſult the doctor and ſurgeon about the 
ſeveral conveniencies to be made; this, and his ow 
knowledge in building, will be ſufficient to per 
ſuch a work in the beſt manner. —_— 
I had forgot that there is often a chapel, built at one 
end of the great room, to perform divine ſervice, al 
when there are two rooms above one another, the 
per one has a gallery looking into it, for the gk 
to ſit in without being obliged to come down ſtairs. 
The laſt publick buildings we have to treat of, 
the ſtore-houſes for all kinds of ammunitions, gre 
and ſmall guns, and, if the place is ſituated near. 
ſea or a navigable river, for cables, anchors, time 
and other neceilaries, to repair and furniſh ſhips... 
In a ſmall fortreſs, ſuch as a citadel or fort, a ſton 
houſe of a moderate ſize will be ſufficient to hold ii 
ammunition, and other neceſſaries for the defence 
the place, whereas in a large town lying near the; bal 
der of a ſtate, it is neceſſary to have a ſpacious one 
the artillery, in ſuch a manner as to contain every thu 
wanre«' in a field train. L 
A ſtore-houſe of this ſort, ought to be built neal 
river that may carry ſmall craft at leaſt, if poſſiblez 
this caſe a baſon ought to be made, to load or un 
ſeveral boats at a time; ſuch a ſituation is of great 
porrance, in regard to the ſaving expences; far 
quires a great deal to tranſport a train of artillery 
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l its appurtenances by land to any conſiderable diſtance. 

And as there is ſeldom any fortreſs built but near a 

great river or the ſea, it will always be in the power of 

the engineer to find a proper place for building the 

ſtore-houſe ; and what nature wants may be ſupplied 
art, | 

The ground floor of a ſtore-houſe ought to conſiſt 
in a ſhed to place guns and their carriages, tumbrels, 
ammunition, - waggons, mortars, and their beds; in 
ſhort, all the other neceſſaries which are too heavy to 
be carried and depoſited above : there muſt likewiſe be 
forges for ſmiths, places for carpenters to work in, to 
hold iron and wood, and wheelwrights ſhops, and 
every thing of this ſort, 

The firſt floor ought to contain an armoury, places 
to hold all kinds of ſmall irons, others for cordage, 
pontoons, and every thing neceſſary, that is light and 
alily tranſported. An engineer, who is not perfectly ac- 
quainted with every part belonging to the artillery, 
will not be able to form a right notion of a ſtore-houſe : 
there is ſuch a connection between the buſineſs of an 
engineer and that of an artillery officer, that neither 
the one nor the other can be maſter of his buſineſs, with- 
out being tolerably well acquainted with that of the 
other: I am ſenſible, that this will be ridiculed by 
many practitioners, but I leave the unbiaſſed intelligent 
reader to judge, whether this notion is right or not: 
As my intent in writing this work is to inſtruct 
young engincers, it is no matter what thoſe ſay, who 
link experience is ſufficient to ſhelter their ignorance. 
Plate XIX. To give an idea of theſe kind of works, 
we have repreſented the plan of the fourth part of a 
rectangular ſhed, in this plate, with the elevation of 
one of the inſides, executed at Voolwich; the width 
Vithin is 33 feet, the length 282 one way, and 156 
the other; the wall is 18 inches thick, having pilaſters 
15 feet diſtance from each other, they are two feet 
broad, and project the wall by 9 inches; the elevation 

2 : 15 
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is 16 feet high at a medium, for the building nds 
on a ſmall deſcent : the gate-ways, which are thin 
each front, and one in the other ſides, are 10% 
wide; the arches of the inſide walls are 8, as wells 
the height of the piers from the bottom to the ſprings 
Plate XX. Here are repreſented the elevatig 
the front and outſide, together with a ſection rhiguph 
the middle of the longeſt ſide, wherein the ſefaion's 
the roof is repreſented : As theſe figures are drawn 
the ſame ſcale as thoſe in the former plate, and theres 
nothing material in them, but what the reader 
underſtand, we ſhall not enlarge any further on Fr. 
a ſubject. | i 
The ufe of this building is to put under c 
carriages of guns, both for land and ſea ſervice, mat 
tar-beds, pontoon-carriages, bread-waggons, A 
tion-carts ; in ſhort, all kind of carriages, that are 
uſed in artillery : and as wood laſts much longer 
place where there paſſes a free air, than if confibed 
it was for this * that the inſide walls hae 
built with arches, in the manner repreſented in they 
ceding figures. _ 
Beſides the great ſtore-houſes in large fortrelles 15 
veral ſmall ones are built in different places, not 
from the ramparts, in order to lodge ammunizionand 
other things neceſſary in a ſiege, ſo as to be nears 
hand; they are ſupplied from the great ones, wal 
there is any occaſion for it: but as their conſtr 
does not differ effentially from the former, cxcepung 
in their bigneſs, it would be needleſs to take any lu 
ther notice of them, 144 
The ſtore-houſes built in a maritime town, a6 
only to have room for artillery and ammunition 
likewiſe for cables, ropes, maſts, anchors, and 
thing elſe, neceſſary in the fitting or repairing of 
and this in proportion to the bigneſs of the hat 
number of ſhips that generally reſort there; theſe 
ſhould have two ſtories, the lower for heavy wan 
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and the upper for thoſe goods that are light and ma- 
nageable ; their ſituation _ always to be near the 
harbour or quay, that the ſhips may come near them, 
whereby a great deal of labour may be ſaved, in the 
fetching and carrying things from them to the ſhips. 


.Er. 


Of framing TIMIBERS for PARTITIONS, 
FLooks and Roos. 


As an engineer ought not to be ignorant of any 
A thing relating to common architecture, we think 
it will not altogether be unneceſſary, to ſhew here the 
different manners of framing timbers on moſt occaſions, _ 
this being a branch of his buſineſs, eſpecially as the 
carpenters follow no other rules than thoſe they learn 
from practice, which are often defective, as will appear 
hereafter, | 
Plate XXI. Here are five examples of different 
partition- frames; the firſt, ſecond, and fourth, are 
given by Mr. Smith; the third, and fifth, by Mr. 
Price; theſe are the only authors that wrote particularly 
upon this ſubject. The firſt example is in the common 
way, wherein it has been obſerved by an artiſt, that 
there are more mortiſes and tenons than need to be; 
for if the braces were let into the principal poſts, ſo as 
to butt againſt ſhoulders of about half an inch deep, 
and nailed in, they would do the ſame office in a bet- 
ter manner than being tenoned in, as here repreſented, 
and would be done in leſs than half the time: and as 
tie quarters are only to ſuſtain the laths and plaſter, ' 
becauſe the weight of the roof being ſupported by the / 
poſts and plates ; they have no need of being framed 
nto the upper and under plates, which only take up 
much time, and will not laſt longer than when they 


Q 3 we 
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are cut and nailed in only, and which is done in a very 
little time with little expence. 

The example in the ſecond figure, repreſents the 
partition of a warehouſe, or of any other large build- 
ing, where the girders, or ſome other weights are to 
reſt on the king or principal poſt, E; but it may be 
obſerved, that if this wall was to ſupport great weights 
in two places, it ſhould be inverted, ſo as the weights 
may reſt upon the poſts A, A: for in the firſt caſe, 
the two ſtruts adjoining to the poſt E, will increaſe its 
ſtrength very much, and in the latter, the ſtruts ad- 
Joining to the poſts A, A, will by- the ſame reaſon, 
increaſe their ſtrength ; but where the weight bears 
equally on the upper plate, this manner of ſtrutting is 
needleſs. The author is alſo juſtly blamed for making 
the joggles in the king-poſts A, E, A, as being ex- 
penſive in the workmanſhip, and. in the waſte of tim- 
ber; it requires likewiſe much time in the framing of 
it; and after all, ſerves to no other purpoſe than the 
firſt example, which is full as ſtrong, and much cheap- 
er. ö . 

The example repreſented by the fourth figure, is 
propoſed to raiſe the height of two ſtorigs, the lower 
of 13 fect, and the upper of 12, or otherwiſe in one 
height only, as the ſide of an outhouſe, hall, or ſaloon; 
now it is to be obſerved, that as joiſts are ſuppoſed to 
lie on the middle plate in the firſt caſe, which is framed 
into the king-poſts E E, and the outward principal 
| Poſts ; the weight at each end muſt depend on the 
ſtrength of the tenons, excepting ſuch help as is given 
to it by the under quarters; the braces are therefore 
placed exactly the wrong way, becauſe now they ſup- 
port the parts near the middle poſts which do not want 
It, whereas if their ends were turned the contrary way, 
they would aſſiſt the ends, as they ſhould do, as being 
the. weakeſt part, and the whole would be equally 


ſtrong every where, and they would at the ſame time 
| . perform 
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perform their office of bracing the frame in a proper 


manner. f 

As to the joggles at E, E, in the king - poſt, they 
are juſtly condemned by workmen here as well as in 
the firſt example, for the waſte of timber, and the 
loſs of time in framing; and it is thought, that if thoſe 
poſts were made a ſmall matter more in breadth, and 
their ſtruts let into them with a ſmall ſhoulder, com- 
monly called by workmen, bird's mouth, they would 
be as ſtrong and ſecure as they can be done this way. 

The next example in hand, is that repreſented by 
the third figure given by Mr. Price, which he ſuppoſes 
to be a partition between two rooms, wherein doors, 
A, A, are required next to the ends, and therefore has 
placed a king-poſt in the middle, and prick-poſts be- 
tween it and the doors; it is here to be obſerved, that 
the middle plate, alſo called intertie, is halved, not only 
in the prick-poſts, but even into the king-poſt allo, 
which is a great weakening to it, and therefore abſurd ; 
nor indeed is there any occaſion for an intertie at all, if 
the height is intended for one ſtory only ; but ſuppoſe 
there was one required, would not its being ſlightly 
tenoned into the 1 have been a leſs weakening 
to it, and have given it a ſtrong bearing, by turn- 
ing the lower ſtruts the contrary way, to that they are 
here? It is true, that it is a common practice to halve 
timbers together, but it ſnould never be done but with 
very great judgment, and always avoided in braces and 

tuts. ; 
The fiſth figure is another example given by Mr. 
Price, for a partition, wherein three doors are required, 
one at each end, and one in the middle ; the two king- 
poſts and the intertie are again halved into each other ; 
and therefore the ſame fault may be found here as in 
tne former : the joggles in the king-poſts and prick- 
poſts are likewiſe needleſs; beſides, the braces ſeem to 
have no other meaning here than to ſhorten the quar- 
lers Which croſs them, and ſo are only nailed upon 

Q 4 them 
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them here as well as in all the preceding examples, 


without tenons or mortiſes. i 

In all Mr. Price's examples of partition-walls, he 
ties the lower end of the king-poſts to the lower; plate 
with an iron band, but for what reaſon, is not eafy'to 
be known, ſince, as far as I can judge, they ſeem to be 
entirely uſeleſs, and therefore ſhould never be uſed; 

Many examples of partition-walls are given hy . 
thors, of different conſtructions, and for different uſes; 
but the whole art of framing this ſort of work, conſiſts 
in diſpoſing the different parts in ſuch a mannet'ss to 
make the whole work equally ſtrong ; in | ulmg'no 
more timber than is neceſſary, and to join them FO 
that the work may be done in the ſhorteſt time plſible, 
and yet, be ſtrong and durable, which canit be 
done without a competent knowledge of the ruf d. 
duced from mechanical principles, and a good gea et 
practice, which ſeldom both meet together; and for 
that reaſon, the art of building has received ſo little 


improvement in latter times. 
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Plate XXII. YYE FORE a flooring is begun 


muſt be made an accurate 
the building, whereby a judgment may be 
where to place the girders in the moſt ſubſtantial ma 
ner; and indeed, this ſhould be done before the brick- 
work is raiſed high enough to receive them, that not 
only the lintels may be well placed over the doc 
windows; which ought never be leſs than 5 by 7 inch- 
es; but in thoſe places where the ends of the girdets 88 
to reſt, if the lintels or bearing pieces are made'&q 
in length to the diſtance that is contained between girdet 
and girder, they will communicate the weight equa 
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on the whole wall, and which is much better than when 
the bearing is on the part juſt underneath them only, 
which is the caſe when the lintels are made ſhorter, 
beſides, when lintels are ſo laid, and are 3, 6, or 
inches in thickneſs, in proportion to that of the wall, 
they are a very great ſtrengthening, and tie thoſe parts 
very firmly together : wherefore they are alſo called 
bond timbers ; but to prevent miſtakes, it muſt be ob- 
ſerved, that bond timbers are properly thoſe laid in 
walls where no girders are, as in end and croſs-walls, 
and which are laid throughout at every 6 or 7 feet in 
height, and being dovetailed or cogged together at 
every outward angle of the building, as marked in 
figure 2, and at every party-wall, as in figure 3, or 4, 
will moſt firmly bind the whole together, ſo that, if 
even 'the foundation be bad, they oblige the whole 
building to ſettle together, prevent cracks and frac- 
tures, which unavoidably would 3 if they were 
neglected: It may be obſerved, that theſe three differ- 
ent ways of joining timbers are uſed, but the ſingle 
dovetail, as is marked in the fourth figure, is prefer- 
able to the other two, as being more ſimple, and yet 
tie the timbers full as well as the others. 

The proper places for girders having been determin- 
ed, it muſt be obſerved, to lay them ſo as the boards 
lay all one way throughout the middle of the building, 
ſo that the whole may be ſeen one way; for if the 
joints of the floor of one room are not parallel to thoſe 
of another, it would produce a very ill effect. 

The ſituation of the girders being determined in the 
plan, we are thereby enabled to find their length, their 
number, and their diſtance, which ſhould never exceed 
I2 feet in any building whatſoever ; nor ſhould joiſts 
exceed that length: It is alſo obſerved in placing of 
girders, always to lay them the ſhorteſt way, and that 
their ends have at leaſt 14 inches bearing in the wall, 
excepting thoſe in very ſmall buildings, where the walls 

| ,< 
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are of thin dimenſions, then their bearing may be re- 


duced to 10 inches. 

Nothing being a greater enemy to timber than lime, 
it is a very good method to lay the ends of girders, lin- 
tels, and other bond- timbers in loam ; and fir is beſt 
preſerved by anointing it over with melted pitch and 
oreaſe, of which the laſt being one fifth part, and the 
- other four fifths : If this precaution is neglected, which 
is commonly the caſe, the building will never laſt ſo 
long as it would otherwiſe do. 

As the proper ſcantlings of girders and other timbers, 
have been treated of in the third ſection, where ve 
have given tables of their dimenſions in reſpect to their 
length, we ſhall no farther enlarge upon it here; aid 
having ſufficiently explained the ſituation and manner 
of laying girders, we ſhall now proceed to the joiſts, 
which are of various kinds, as common-Joiſts, triming- 
joiſts, binding-joiſts, bridging joifts, and cieling joiſts, 

Common-joiſts are thoſe which are framed fluſh 
with the upper ſurface of the girders, and which ſome- 
times are all of equal depth, but leſs than that of the 
girders, whereby the girders become lower than the 
cieling; but the moſt genteel way is to have every 
third or fourth joiſt equal in depth with the girder, 
whilſt the other intermediate joiſts are of leſs depth, 
and between thoſe deep joiſts, fix ſmall ones to carry 
the cieling, whereby the under ſurface of the girders 
will be concealed, which otherwiſe have an ill effect. 

Triming-joiſts are ſuch as are framed into tuo 
other joiſts, for other joiſts to be framed into them, 
which are againſt a chimney, or to make the open 
ing for a ſtair-caſe, ſuch as are marked by the 
letter @ : as theſe joiſts are weakened by receiving 
many mortiſes, and having to ſupport the weights 0 
ſeveral joiſts which bear upon them; they are there 
fore to be made of larger ſcantlings than the common 
joiſts. ä 5 

— Binding: 
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Binding joiſts are thoſe on which bridging joiſts are 
hid, and in which the cieling joiſts are framed; theſe 
joiſts are framed fluſh with the under ſurface of the 
virders, and about 3 or 4 inches lower than the upper 
lurface z that the cieling- joiſts may be fluſh under- 
neath with them as well as with the girders: their diſ- 
tance is from 3 to 10 feet, and their thickneſs in pro- 
portion to the length of their bearing, as has been 
ſhewn in the third ſection. 

The figures 8, 9, and 10, repreſent the manner in 
which their tenons and mortiſes are made by Mr. 
Price ; and which is eſteemed by workmen in general 
much better than any other : but thoſe who are con- 
verſant with the principles of mechanics, will eaſily per- 
— that neither the one nor the other is good for any 
thing. 

In order to determine the beſt manner of making 
the tenons, it is neceſſary to conſider, that when a 
creat weight bears x wig middle of theſe joiſts, or 
upon any other timber ſupported at each end by tenons; 
it is evident, that it will bend a little, and the under 
part x, as in figure 8, will be the pcint fix; and there- 
fore when the tenon is placed in the middle as here, 
the diſtance of the line of direction of the force which 
endeavours to break the joiſt, from the point fix x, 1s 
equal to half the height xv ; but on the contrary, if 
tie tenon is placed higher, that diſtance becomes great- 
er; and of conſequence, the reſiſtance becomes great- 
er, which ſhews that the nearer the tenon is to the 
upper part v, the greater the reſiſtance will be: But 
is the mortiſe muſt not be too cloſe to the upper edge, 
Cherwiſe the tenon would break it; I think the beſt 
Wy is to divide the height x v into four equal parts, 
one of which is to be the thickneſs of the tenon, and 
paced two from the lower end x, and one from the 
upper de as to the tenons marked in figures 9, and 10, 
by ought to be rejected as being contrary to the prin- 
les of mechanics. It is to be obſerved, that all 

binding- 
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binding- joiſts ought to be half as thick again as co 
mon joiſts ; becauſe, they being weakened by mortiſ 
and having a greater weight to ſupport, it is neceſ: 
that they ſhould be ſtronger in proportion. 
Bridgings or bridgimꝑ: joiſts are repreſented by th 
letter f, in the firſt figure, lying on the binding-joiſts 
and which are alſo repreſented in figure 6, where , 
repreſent the ſections of two binding-joiſts, and d d 
part of the length of a bridging-joiſt, and f f, that 
a cieling-joiſt, with the manner of their reception by th, 
binding-joiſts; the fifth figure is a ſection whic! 
ſhews the manner of fixing cieling-joiſts c between the 
deep joiſts 5, b, where allow ones as a, 4, a, att 
framed in between them, as has been obſerved to be 
the moſt genteel way of framing common joiſts. 
The diſtance of bridgings is generally about 12 to 1 
inches, and their ſcantlings about 3 by 4 inches, 0 
elſe 3.5 by 5, and their bearing is never more than th 
intervals of binding-joiſts, which is from 3 to 10 feet, 
as we have obſerved before, and which are laid evet 
or fluſh with the girders to receive the boarding. 
Cieling-joiſts, the moſt (lender of all other kinds 
Joiſts, as having the leaſt weight to ſupport, are made 
about 2 by 3, or 3 by 4 inches, according to the 
ſtrength of the building; theſe are repreſented in the 
firſt figure by the letter g, whoſe diſtances are gene- 
rally 12 or 14 inches : theſe joiſts are tenoned into the 
binding-joiſts, as is repreſented in figure 7, where 
repreſents a ſingle mortiſe made on the one ſide of the 
binding-joiſt, and 7, 5, two double ones called pul- 
mortiſes, in the ſide of a parallel binding: joiſt to receive 
the other end of the ceiling-joiſt. Theſe cieling and 
bridging-joiſts are ſeldom fixed till the building 1s c 
vered in; when the laſt are pinned down to the binding er | 
joiſts. Theſe kind of floors. are called bridging - floor * 
and are the beſt ſort of carcaſe flooring. ; | 
Having ſhewn the manner of laying the ſeveral um. 


bers for flooring, it remains now to ſhew * 
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or themſelves are to be laid; their beauty depends 
che colour and ſmoothneſs of the boards, without 
ots, and the cloſeneſs of the joints; for which rea- 
Won, the carpenters plain the boards, and ſtraiten the 
ges ſometime before they are laid, in order that they 
nay be ſufficiently dry, and not ſhrink afterwards. 

As it is not an eaſy thing to find a ſufficient number 
F boards free from knots, the beſt are generally pick'd 
ur for the floors of the principal apartments, and the 
ſt are uſed in other places leſs conſpicuous. It has 
en found by experience, that if the boards are ever 
odry, and the 9 are anew dreſſed, they will ſhrink 
gun; for which reaſon, they never touch them after 
ie firſt time: and the beſt way of making cloſe joints 
not to nail down the boards, till a twelve month af- 
tr they have been laid; this the workmen will not do 
nleſs they are obliged to it by agreement, under pre- 
"ce that it is more work than they can afford to & 
The beſt wood for flooring in this country is the fine 
lar yellow deal well ſeaſoned, which when well laid 
eps its colour a great while; whereas the white ſort 
comes black by often waſhing, and looks very bad. 
buildings of conſequence the ſappy is cut off, 
d nothing but the heart is uſed, but then theſe floors 
every expenſive. But in common buildings, which 
made by contract, they ſeldom make even uſe of 
j ſtuff, unleſs it is particularly mentioned in the 
Teement. 

The joints of the boards are commonly made plain, 
as to touch each other only; but when the tuff is 


and { quite dry, and the boards ſhrink, the water runs 
rough them when the floor is waſhed, and ſpoils the 
p os underneath ; for which reaſon, they often make 
ding ther edges in better buildings, ſo as to cover each 
— zer of about half an inch; and ſometimes they are 


ie with groves and tenants; this laſt method, when 
ll executed, appears to me preferable to any other 


latloever, 
I am 
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I am informed, that in the beſt huildings, the U 
are made with dove tails ; then the lower edge ; nal 
down, and the next drove into it, by wich 
nails are concealed, which certainly makes tit 
look much handſomer than when the nails an? 
for when they are waſhed = nails grows rutty, Wt 
appear like ſo many blacks ſpots upon the floor,” H 
2 ill effect. 7 2225 5 an Fi 1. 

The manner of meaſuring floors is by ſquati 
feet eaeh ſide; ſo that taking the N and breadth 
feet, and multiplyingthem together ; then by ſtriking 
the two laſt figures as decimals, the remainder will t 
the content expreſſed by theſe ſquares. Thus 
of 18 feet by 16, gives 288 ſquare feet, or 2 
and 88 decimal parts; ſo that if the price of g 
of flooring is known, that of the whole will be lh 


5 


found by proportion. Fed 
F l — boards were uſed for flooring, but 
at preſent they are neglected, excepting 
icular occaſions, as in cloſets and other pnwilt 
rooms: theſe boards are framed together with, Panel 
like doors, and poliſhed with wax, which make then 
look very beautilul, and are agreeable to thoſe whb'aR 
like a wet room ; bur as they are ſlippery, and very ex: 
penſive, they are much out of faſhion. Wnt 


s ECT. XXII. 

Of Roorincs. 12 

13 6 198 

Plate XXIII. E are now come to the forma 


| of roofs, of which the formers 
plates are a part, as being the baſe on which the ſm | 
rafters ſtand. We muſt, after having formed it; a8c6 
ing to the plan of the building, and ſecured its gh 
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the manner repreſented in the ſecond figure, plate XXII. 
conſider the proper diſtances and places to lay the 
beams on; where it muſt be obſerved, 1. To avoid 
the joints of the plate : 2. That their diſtances be not 
wo great, leſt you are obliged to have large cieling- 
wiſts, and large purlins, which are but a load to a 
ilding, and therefore ſhould not exceed ten feet, 
. That they lay over, or nearly over, the heads of the 
pincipal poſts, in timber building, and on the middle 
of the piers, when they are of brick or ſtone. | 

The ſituation and length of the tie-beams being de- 
termined, their under ſurface at each end being equal 
v the breadth of the wall-plate, is dovetailed an inch 
ad a half or two in depth, according to their ſtrength, 
and which are let into both theſe plates, in the manner 
epreſented by the third and fourth figures, plate XXII; 
but as it has ſhewn already with a ſingle dovetail, 
Sin figure 4. If the breadth be divided into three 
equal parts, make the narrow part of the dovetail one, 
mich to the end opens to the whole breadth of the 
team. When the tie-beams are thus dove-tailed into 
the plates, they are then ſaid by the workmen to be 
aged down, and ready to receive the cieling-joiſts, 
ad principal rafters. 

But before the principal rafters can be framed, the 
eight of the pitch, and their length muſt be deter- 
Mined ; the pitch of every roof ought to be made ac- 
ding to its covering; which is of lead, pantiles, 
pantiles, or ſlates ; theſe are all the different coverings 
led in England, The uſual pitches are the pediment- 
uch, common pitch, generally called true pitch, and 
a gothic pitch. 

Pediment pitch is, that whoſe perpendicular height 
equal to two ninths of the breadth of the building; 
Faule the height of a pediment is likewiſe two ninths 
its baſe; this pitch is uſed when the covering is 
©. Common pitch is that whoſe rafters are the three 
is in length of the breadth of the building; when 
it 
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it, ſpans the building all at once; but is oſtner divided 
into two equal pitches; and it is uſed when the covering . 


is of plaintiles. c 

Gothic pitch, is that when the length of the princi- a 
pal rafters is equal to the breadth of the building, and 5 
therefore is equilateral; this pitch is uſed when the co- { 
vering is of pantiles ; ſome workmen would have the 8 


breadth of the building divided into ſeven equal parts, O 
the perpendicular height to have two of them, and the 
length of the rafters to be four ; and that this pitch may fa 
ſerve for coverings of lead or pantiles : on the contrary, . 
others will have the perpendicular height to be one g. 
fourth of the breadth, when the covering is lead, which by 
is ſomething leſs than what has been aſſigned above for . 
that covering | ne: 
That the perpendicular height ſhould be the three ber 
eighths of the breadth in pantiles covering, which is na 
widely different from the former ; or that the - me! 
dicular height may be fourd by deſcribing an arc 1 
the extremity with a radius of two thirds of the breadth Bhi pin 
of the building. Laſtly, the perpendicular height to dei; 
be equal to half the breadth for plain-tiles covering, de 
which makes the rafters ſomewhat ſhorter than in the den 
pitch given before for that covering; and the lengm ip 
of the rafters to be five ſeventh parts of the breadth of Wi in, 
the building for ſlate coverings, which is therefore WM cds 
nearly the ſame pitch as that for plain-tiles covering, bean 
Theſe are the various pitches commonly uſed for the Wi. 
different coverings, and ſeem to depend chiefly on the 
' builder's fancy. As regard is to be had to make the 


perpendicular height and length of the rafters, ſo as0 | Py 
be expreſſed by rational numbers, which is a gerte: 
eaſe to the workmen, in that they may be traced vit Mftucir 


rulers and compaſſes; for which reaſon, the follow 
pitch may be uſed when the covering is of lead or pr 
tiels : Divide the breadth of the building into fix equal 
parts, and make the perpendicular equal to four 0 
them; then will the length of the rafters be five A. 


These 
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Theſe pitches being a medium between thoſe given 
above, and the parts exprefſed by rational numbers, 
muſt certainly bz better than any others whatſoever : 
to ſhew that theſe parts form a right angled triangle ; 
ve are to conſider that in a right angled triangle the 
ſquare of the hypothenuſe (which is the length of the 
rafters) 5 is equal to the ſum of the ſquares of the 
other two ſides, which are 3 and 4. 

Altho' the principal rafters are commonly made 
equally ſtrong every where, yet ſome think that if 
they were at their feet nearly as thick as the breadth of 
the tie beams, and to grow leſs towards the upper end, 
by one ſixth part, they would be better; which is cer- 
ainly true, — their centers of gravity become 
carer to the point of ſupport; they require leſs tim- 
ber; and as the rafters may as well be ſawed in this 
manner as in the uſual way; I ſee no reaſon why this 
method ſhould not be uſed. 

The king-poſts ſhould be as thick as the tops of the 
principal rafters, otherwiſe they will not be able to re- 


9 As 


_ 
* 
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% ctive them; and their breadth of ſufficient ſtrength to 
ing "eceive the ſtruts that are deſigned to be framed into 
the ti:m. Some will have it that the ſtruts ſhould diminiſh 
age upwards as well as the rafters ; but this would be car- 
h df ing niceties farther than is neceſſary; when the lower 
fore cds of the rafters are ſtrongeſt, the purlins, collar- 
8: *ams, and ſtruts, ſhould be placed ſomething higher 
xr the an the middle of the rafters, that the bearings may 
n the de proportional to the ſtrength, and not in equal parts, 
e the WW: is uſual. 


Purlins muſt have the ſame thickneſs as that part of 
the principal rafters to which they are framed, and 
tir breadth is generally made to their thickneſs, as 


ont 410 3; therefore the breadth being 8, the thickneſs 
r Ph I be 6: tho? this is the rule carpenters go by, yet 
eq * dimenſions ought to be determined by the rules 
— den in the third ſection, part I. 

5.5 A * = Purlins 
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Purlins are generally framed into the principal raf- 
ters; but in my opiuion, they ſhould rather be laid in 
the collar-beams, becauſe the rafters are not ſo much 
weakened by mortiſes, and the ſtrength of the purlins 
will then not depend on the tenons : when they are 


framed into the principal rafters, their length cannot 

be more than the diſtance between two contiguous 
rafters, which is from 10 to 12 feet only; but when J 

they are laid in the collar-beams, they may then be 
twice or thrice that length, according as the ſtrength WM c 
of the ſtuff will allow. oy t 
Small rafters may be in their ſcantlings 4 inches by he 
2.5, Or 4.5 by 3.5, or elſe 3 by 3.5, according to the WW m 
nature and ſtrength of the principals, and their lengin WW m 
in a purlined roof ſhould not exceed ſeven feet: it 5 po 
eſt to frame two rows of purlins, when the principal | 
rafters are very long, in the manner repreſented in te pe: 
firſt figure, plate XXIII. by the letters A, A; wii the 


figure repreſents the roof, as a plain ſurface ; but the 
method of framing the purlins in a right line, as he in 
repreſented, is not to be recommended ; becauſe when ny 
the mortiſes in the principal rafters are againſt one ano 
ther, they are not only weakened very greatly in thok 


2 but you loſe the pinning alſo, and therefore tei F 
ould be framed, as repreſented by the letter B in e men 
ſame figure. | darn 
The uſe of this figure is, to determine the num r:fte, 

and ſituation of the principal ſmall and jack raftn mad, 
the principal rafters are thoſe marked by the letter Dil l:r-b, 
and lie through the body of the plan, with tenons port 


preſented in the middle; the ſmall rafters are d 
marked f, between the principals and the jack-raits 
thoſe ſhort ones, whoſe tops bear againſt the ip 
ters C, and are marked by the letter E; the pur 
are marked by the letters A and B; as to the 
parts of a roof which cannot be ſeen in this fig 
they are repreſented in the following ſection. 7 11 

N | | 
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Fig. 2. This figure repreſents the ſection of a large 
roof, having a king - poſt and two ſtruts to ſupport the 
principal rafters, the tie-· beam is ſuppoſed to reſt in the 
middle upon ſome party or partition-wall, otherwiſe 
that beam would not be able to ſupport the roof; be- 
cauſe the greateſt weight which is under the king- poſt, 
would reſt upon the weakeſt part, as has been ſhewn 
in the third ſection, part I. 

Fig. 3. This figure is the ſeftion of a roof to be 
covered with pantiles ; the length of the rafters is the 
two thirds of the breadth of the building, and the 
height one half; there is a lodging-room made in the 
middle; this roof is very ſtrong, and may ſerve al- 
moſt in any building, eſpecially if the tie-beam is ſup- 
ported in the middle by a party-wall. 

Fig. 4. This figure repreſents a roof, whoſe per- 
pendicular height is three eighths, and the length of 
the rafters five eighths of the breadth ; this roof is alſo 
very ſtrong, but I think that in ſmall buildings the 
king-poſts with its two ſtruts might be left out without 
any inconveniency ; becauſe the two prick-poſts toge- 
her with their ſtruts are ſufficient to ſupport the raf- 
ters. 
Fig. 5. This figure is a ſection of a roof of pedi- 
ment- pitch, with a valley in the middle to take off the 
barn roof aſpect, which it otherwiſe would have, if the 
afters were continued up to an angle; in this roof are 
made two lodging rooms, as being framed with a col- 
lr. beam, and middle-poſt, which laſt muſt be ſup- 
ported by a party-wall, otherwiſe the tie-beam will 
ſarcely be able to ſupport the weight upon it, with- 
ut its being of very large dimenſions. 

It may be obſerved, that the poſts in fig. 2, 3 and 
& have all joggles, which are by many workmen not 
proved of, on account of the waſte of timber, and 
de length of time to frame them; in order to ſatisfy 
Role that are for plain-work, and yet make it ſtrong 
ud durable, ic will be ſufficient to cur the tenons of the 
2 ſtruts 
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ſtruts which enter into theſe joggles, as well as the 
mortiſes, in the ſame manner as they are repreſented 

here by the joggles, which will do very near as well; 

for all tenons cut at right angles will bear the preſſure 

of the poſts in the ſtrongeſt manner that can be. It j 
mult likewiſe be obſerved, that all the iron bands re- | 
preſented in theſe roofs, are thought by the workmen 0 
to be very uſeful in ſtrengthening the work, though Wil j: 
needleſs in my opinion. 

As workmen differ very much in their manner of 
framing roofs; it is impoſſible to give ſuch rules 2 
will ſatisfy every body; but what has here been 
ſaid, together with the principles given in the third 
ſection, part I. of the ſtrength of different ſcantlings, 


will be ſufficient to the intelligent reader, to frame all Hd 
ſorts of plain roofs, upon any occaſion, in the belt Wi p; 
manner, which is all we propoſe in this work: As cont 
to thoſe called manſard, or broken roofs, and thoſe for MWcrac 
domes or cupolas, which are the moſt difficult of all cr 


carpenters work, their conſtruction rather belongs to 
a compleat architect than to an engineer. 

But before we conclude this ſection, it will not be 
unneceſſary to ſhew how the length and poſition of the 
hip-rafters C, C, figure 1, are to be found; the dil 
tance P Q of the laſt principal rafter D from the end! 
of the roof is always equal to half the breadth PS of 
the building; and having the length QR of the prin 
cipal rafter D, that of the hip-rafter P R is likewil 
given, as being the hypothenuſe of a right angled ui 
angle PQR. | | 

And becauſe the perpendicular height of the roof 
given as well as the diagonal drawn from the pount P 
to the foot of the perpendicular dropt from the point R 
to the plan of the building; the inclination of the hp 
. rafter C, may be found by a ruler and compaſſes; d 
by trigonometry, thus; The length of the hip-rafter PR 
is to the perpendicular height of the roof, as the * 
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to the tangent of the angle made by this rafter, and 
the plan of the building. 


Of CEILING. 


Although the manner of ceiling is very common, 
jet it is neceſſary, that the young engineer ſhould 
know how it is performed : In buildings of no great 
-n conſequence, the laths are nailed on the joiſts, ſo as a 
2h WH part of the girder appears below the ceiling; this is 

one in view to get 5 or 6 inches in the height of the 
of bon; and the part of the girders that appear are co- 

25 vcred with deal boards, with a little cornice round it, 
en nd painted with the ſame colour as the wainſcot. The 
aſter for ceiling is made of lime and hair, to make 


g, tick the better, and laid on very ſmooth; when it 
all W's dry and has any cracks in it, as commonly happens, it 
belt s paſſed over with a trowel dipt in thin plaiſter, this is 
As {WWeoninued till it is quite ſmooth, and without any 
» for cracks; after this it is white-waſhed two or three times 
f all ger, with lime-water and ſize, till it appears of a fine 


5 t0 eite. 

But in buildings of any conſequence, ceiling-joiſts 
ot be r framed into the girders, fo as to be even with the 
f the der ſurface, as has been obſerved before: As theſe 
dil. ois are put in after the frame of the floor is made, 
nd? just before the ceiling is finiſhed ; one of the mor- 
Solis made about a foot long, ſloping ſo as that when 
 prin- e tenant at one end is fixt into the mortiſe, the other 
cevile Pe ſlide through the other till it becomes perpendi- 
ed ur to the girder where it is pinned down. 


As to ceiiings made with various work, or that are 
janted, the curious reader may conſult books of archi- 
dure, Which treat of them; we ſhall only add, 


my at ceilings are meaſured by the yard of ꝗ feet ſquare. 
he Mp 

ſes; 0 Of WAINSCoTING, 

frer Ph Formerly wainſcoting was made with oak, and it is 


enen thence it has derived its name, but at preſent 
5 R 3 white 
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deal is uſed only ; the rooms were commonly wainſcot- 
ed quite up to the cieling, and terminated by a cornice 
but the later cuſtom is to carry it only up chair high, 
that is from two to three feet; the reſt of the wall is 
covered with flowered paper, which is very cheap and 
beautiful, or elſe it is finiſhed with ſtucco covered with 
hangings ; to prevent the paper from being ſpoiled by 
the dampneſs of the wall, it is paſted on thin cloth, 
and fixed in frames. 

Walls ſhould never be wainſcoted before a twelve 
month ſtanding at leaſt, two or three years would be 
better; otherwiſe the pannels will unglue, do what you 
will, and ſhrink in dry weather, whereby it will be fo 
ſpoiled that all the repairs that can be made, will never 
look well, fo that all the trouble and expences will en- 
tirely be loſt. | 

Tho' the wall is dry, if the ſtuff is not ſo, it vil 
produce ſtill the ſame effect; and as dry and well ſea. 
ſoned ſtuff is much dearer than that which is green, and 
not many workmen have it in their power to keep al 
ways a ſtock of dry ſtuff before-hand ; it is a very diff. 
cult matter to have this work performed as it ought to 
be : I have ſeen a houſe that was repaired three times 
in five years, and now is good for nothing; becault 
the walls were not dry, and the ſtuff not ſufficiently 
ſeaſoned ; and if government work, which is ava 


well paid for, is ſo badly executed, what mult a pf. rid 
vate perſon expect, if he is not very careful in his vl are 
gain, and does not underſtand the work himſelf. "ne 

Wainſcoting is meaſured by the ſquare yard of 9 ki . 
and all the turnings of the mouldings are meaſured Þ thic 


a thread, and looked upon as plain, excepting the ct 
nice, which is meaſured and paid by the foot in 


Of HousE-PAINTINSG. 


As the various colours for 2 and painting 
are now-a-days made up ready for uſe, and fold 


ſhops, I ſhall ſay nothing about them; but only obi | 
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- that all painting in and about the houſe ſhould be well 


3 primed, and paſſed over twice with the ſame colour the 
h, rooms are to be of, and great care muſt be taken to ſee 
is that the colour is laid full, even, and ſmooth, according 
ad to the grain of the wood; for when the vruſh is drawn 
th crot the grain it never looks well; this is to be under- 


by ſtood to be done from the beginning to the entire fi- 
h, niſhing of it; or elſe it will be to no purpoſe. 

In all out- door painting, the colours ſhould be mixed 
Ive up with linſeed oil, Spaniſh white, Spaniſh brown, and 
de red lead in the priming, and finiſned with white lead; 
ou this done, it will reſiſt the weather, and laſt a great 
while. 

Painting is meaſured by the ſquare yard, in the ſame 
manner as wainſcoting, that is, all the mouldings are 
meaſured with a thread ; the ſaſhes of windows are paid 
by the piece; if the doors and their frames are painted 


ſea- in mahogony colour, the price is ſomewhat more than 
and that of common painting ; this ſome workmen perform 
pb well, as to appear at a diſtance as well as that wood 
diff. telt. When chimnies are lined with Portland ſtone, 


they are often painted like marble, and when it is well 
done, look very neat for three or four years. 


iently Of TyLinG-RooFs. 
was There are various ſorts, ſuch as plain-tiles, pan-tiles, 
** ridge, hip, gutter, paving, and dutch-tiles : plain- tiles 


ae the common ſort which are uſed in covering of 
houſes; they are about 10.5 inches long, ſix and a 
Quarter broad, and half an inch and half a quarter 
thick; but in the country they vary ſomething from 
theſe dimenſions ; they weigh about 2.5 pounds, that 
5 4 100 weigh nearly 2500 pounds. Tyling is mea- 
lured by a ſquare of 100 ſquare feet, and the num- 
ber of tiles required for ſuch a ſquare depends on the 
Ciſtance of the laths; which when 6 inches, requires 
oo; when 6.5 inches, 740; when 7 inches, 690; when 
1-5 inches, 640, and when it is 8 inches, but 600 tiles. 
R 4 | an- 
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Pan- tiles are of a quadrangular figure, when flat of 
about 13 inches long, 6 or 7 inches broad; they are 
bent croſs- ways in the form of an 8, only one of the 
arches is about three times as big as the other; ſo that 
when they are laid on a roof, one of the edges which is 
leaſt bent is covered by the edge of the other that is 
moſt bent, ſo that the roof looks like furrows, one high 
and the other low; theſe tiles ſerve moſtly for low 
roofs, ſuch as ſtables, ſheds, and outhouſes ; about 
600 will cover 100 feet ſquare. 

Ridge-tiles are uſed to cover the ridges of houſes, 
and are made in the form of a ſemi-cylindric ſurface, 
of about 13 inches in length, and of the ſame thick- 
neſs as plain- tiles; their breadth at the outſide mea- 
ſures about 16 inches or leſs. 

Hip, or corner-tiles, are at firſt made flat like plain- 
tiles of a quadrangular figure, whoſe two ſides are right 
lines, and the ends arcs of circles; the upper end con- 
cave, and the lower convex, the latter being about &- 
ven times as broad as the other; they are about 10.5 
long, but before they are burnt are bent upon a mould 
in the form of a ridge-tile, and have a hole at the nar- 
row end to nail them on the hip-corner of the roof, 

Gutter-tiles are made like corner-tiles, only the 
edges at the larger ends are turned up for about four 
inches: theſe tiles are ſeldom uſed where lead is to be 
had, as being better for this purpoſe. 55 

Dutch-tiles are commonly uſed in chimnies ; they 
are made of a whitiſh earth, glazed and painted with 
various figures, ſuch as birds, flowers, or landſki 
in blue or purple colour ; and are about 6.5 inc 
each way, and three quarters of an inch thick: when 
theſe tiles are properly ſet with good mortar, they look 
very beautiful, and caſt a greater heat than ſtone ; for 
being very ſmooth, and glazed, the rays of heat ftrik- 
ing upon them are all reflected backward into the room, 
eſpecially when the ſides of the chimnies are oblique, 
or in the form of circular arcs. pn 
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f Pan-tiles are laid in mortar, becauſe the roof being 
0 very flat, and many tiles being warpt in the burning, 
e they will not cover the roof ſo well as that no water 
t can paſs between them. Sometimes theſe tiles are var- 
5 niſhed with a dark brown colour; which makes them 
5 laſt a great while, and look better than the others, but 
h are dearer in proportion. 

W Plain-tiles are not laid in mortar, but pointed only 
in the inſide z as to the ridge and corner-tiles they are 
all laid in mortar, becauſe they lie ſeldom fo cloſe, as 
not to admit any water to paſs between them. There 
ae alſo uſed tiles in paving, that are either ſquare or 
hexagonal, which when well burnt -and laid in good 
mortar look very neat, and laſt long; but as paving 
in general is ſo well known, it would be needleſs to 
lay any more about it. 
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than thoſe conſtructed on dry land, and re- 

quire much more ſkill and knowledge both of 
the theory and practice; no leſſer work than Mr. Bel. 
dor Architecture Hydraulic, is neceſſary to give a 
true knowledge of their conſtruction, and execution, 
according to the different ſituations and circumſtances; 
As this author had the Aſſiſtance of the greateſt engi- 
* neers in France, who have more experience, and 
knowledge both in theory and practice, than any 
others in Europe; ſo no man had a better opportunity 
to give every thing neceſſary relating to this ſubject. 
Since therefore his works are, or ought to be, in the 
hands of every engineer, we ſhall content ourſelves, to 
give here ſome general principles, together with part 
cular obſervations of the moſt material parts of theſe 
buildings, for the ſake of thoſe, who have no oportunity 
to perule ſo extenſive a work as his. 


1 S theſe kind of works contain a greater variety 


SECT, L 
Of SToNE-BrIDGEs. 


- 3 HE ſituations of bridges is eaſily known, and 
need no explanation ; the only thing to be 

ſerved is, to make them croſs the ſtream at right a- 
gles, for the ſake of the boats that paſs through the 
arches, with the current of the river; and to prevent 


the continual ſtriking of the ſtream againſt the ps 
f W 
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which may endanger them in a long courſe to be 
damaged and deſtroyed in the end. 

Bridges built for a communication of high roads, 
ought to be ſo ſtrong and ſubſtantial as to be proof 
againſt all accidents that may happen, to have a free 
entrance for carriages, afford an eaſy paſſage to the 
waters, and be properly adapted for navigation, if the 
river admits of it; therefore the bridge ought to be at 
leaſt as long as the river is wide in the time of its great- 
eſt food; becauſe the ſloping of the water above may 
cauſe too great a fall, which would prove dangerous to 
the veſſels, and occaſion the under graveling the foun- 
dation of the piers, and abuttments. 

To this may be added, by reducing the paſſage of 
the water too much, in time of a great flood, it might 
break through the banks of the river, and overflow 
the adjacent country, which would cauſe very great 
damages z or, if this ſhould not happen, the water 
might riſe above the arches, and endanger the bridge 
to be overſet, as it has happened in many places. 

When the length of the bridge is equal to the breadth 
of the river, which is commonly the caſe, the current 
is leſſened by the ſpace taken up by the piers, for 
which reaſon, this thickneſs ſhould be no more than is 
neceſſary to ſupport the arches; and it depends, as well 
as that of the abuttments, on the width of the arches, 
their thickneſs, and the height of the piers. 

The form of the arch is commonly ſemi- circular; 
but when they are of any great width they are made 
elliptical, becauſe they would otherwiſe become too 
high; az has been done at the Pont Royal, at Paris, 
where the middle arch is 75 feet, and its height would 
have been 37.5 feet, inſtead of which, it is only 24 by 
being made elliptical. 

Another advantage of much more importance ariſes 
from the oval figure, which is, the quantity of ma- 

ry of the arches is reduced in the ſame proportion 
is the tadius of the arch is to its height. That is, — 
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the radius is 36 feet, and the height of the arch 24, 
that is three fourths of the radius, the quantity of 
maſonry of the arches is likewiſe reduced to three 
fourths; which mult leſſen the expence of the bridge 
conſiderably. | 

When the height of the piers is about ſix feet, and 
the arches are circular, experience has ſhewn, ſays Mr. 
Belidor, it is ſufficient to make the thickneſs of the piers 
the ſixth part of the width of the arch, and two feet 
more; that is, the thickneſs of the piers of an arch of 
36 feet, ought to be 8 feet; thoſe of an arch of 48 feet, 
to be 10. | 

When the arches become of a great width, the 
thickneſs of the piers may be reduced to the ſixth part 
of that width; but the depreſſion of the two feet is not 
done at once; that is, in an arch of above 48 feet, 2 
inches are taken off for every ſix feet of increaſe of the 
width of the arch. For inſtance, the thickneſs of the 
piers ſupporting an arch of 72 feet wide, ſhould be 14 
feet, according to the preceding rule ; but by taking off 
3 inches for every 6 feet, above an arch of 48 feet 
wide, the thickneſs of the piers is reduced to 13 feet: 
Conſequently, by following the ſame rule, the thick- 
neſs of the piers ſupporting an arch of 16 fathoms wide, 
will be 16 feet; all the others above that width are 
the ſixth part of the width. 

After this, Mr. Belidor gives a rule for finding the 
thickneſs of the piers which ſupport elliptic arches, and 
makes them ſtronger than the — : The abuttments 
he makes one ſixth part more than the piers of the 
largeſt arch. 

It is plain, that theſe rules are merely gueſs-work, 
determined from ſome works that have been executed. 
But tho* examples are neceſſary to confirm the truth 
of the theory, yet they are not ſufficient to form, from 
one or two bridges that have been built, a general 
for others of different forms or dimenſions, without 


either making ſome ſtronger or weaker than they ogy 
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to be; beſides, granting this rule to be true, yet whe 
the piers are of any other height, we are quite left in 
the dark; and therefore, it is neceſſary to have recourſe 
to theory, in order to find how much the piers are to 
vary in their thickneſs, according to their height, and 
the width of the arches : But previous to this theory, 
it is neceſſary to know, the proper thickneſs of the 
arches at their key-ſtones, becauſe that of the piers. de- 
pends partly on it. 

The thickneſs of the arch-ſtones, I muſt confeſs, 
is not to be determined by theory, at leaſt that I know 
of ; nor do thoſe authors who have written on the ſubject 
agree amongſt themſelves; Mr. Gautier, an experi- 
enced engineer, in his works, makes the length of the 
arch ſtones, of an arch 24 feet wide, 2 feet; of an 
arch 45, 60, 75, 90 wide, to be 3, 4, 5, 6 feet long 
reſpectively ; when they are hard and durable, and 
ſomething longer when they are of a ſoft nature; on 
the contrary, Mr. Belidor ſays they ought to be always 
one twenty fourth part of the width of the arch, 
whether the ſtone be hard or ſoft ; becauſe, it they 
are ſoft, they weigh not ſo much. 

But that the length of the arch- ſtones ſhould be but 
a foot in an arch of 24 feet wide, 2, 3, 4, in arches 
of 48, 72, 96, feet, it appears to me impoſſible ; be- 
cauſe the great weight of the arches would, as I ima- 
gine, cruſh them to pieces, by the preſſure againſt one 
mother; and therefore Mr. Gautier's rule ſeems to be 
much preferable : As he made the length of the arch- 
ſtones to increaſe in a ſlower proportion, from 10 to 45 
feet wide, than in thoſe above that width; we imagine, 
that the latter will be ſufficient for all widths, whe- 
ther they are great or little : Therefore in the follow- 
ing computation, we ſhall ſuppoſe the length of the 
ach-ſtones of 3o feet in width to be two feet, and to 
increaſe one foot in fifteen, that is, 3 feet in an arch 
of 45 feet, 4, 5, 6, in an arch of 60, 75, and go feet l 

an 
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f and ſo the reſt in the ſame proportion; this being pre- 
; miſed, we ſhall proceed to ſhew how the thickneſs of 
i the piers is to be found. 


1 PR OB L E M. 


Plate XXIV. Fig. 4. To find the thickneſs B C if 
the piers, when the arch is terminated by tuo 
concentric ſemi-circles, and there is a wall RN 
above the middle of the piers whoſe height it 
equal to that of the arch, and its baſe to the dif- 

| ference between the breadth A D of the pier, and 

twice the thickneſs AG of the arch. 


| Let the radius OM paſs through the center of gri- 
| vity L of half the arch GE, L K, and LI, perpendi- 
| cular oO A and OL; then if the radius O A of the 
| interior circle be called a, the radius O G of the exte- 
| rior one +; their difference AG, d; OK or K Lg, 


u the area GE of half the arch; the height AB of the 
piers c, their thickneſs B C = 2; laſtly; let unity be to 
0 7, as the radius is to the ſemi-circumference; or, which 
| is the ſame, let r = 3.142 nearly, then - what has 
II. 


| been ſaid in the ſecond problem, ſection II. of the firl 
| we have 41 =rbb Eos 4 
part; , + wo — 4a, n 


g=c2m—sg, and 22g — 22 for double the 
| momentum of the arch's preſſure againſt the pier. 
Now becauſe the baſe R G of the wall above tit 
ier is equal to A D — 2 AG, or z— 24, and in 
| ight RN B, z — 23d will expreſs the area of 
| that wall, and as the line which paſſes through its cer 
| 


ter of gravity perpendicular to B C biſects that live; 
2 z will be its diſtance from the point fix C; we hatt 


| 4322 — 3d for its momentum ; and as the mom 
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tum of the pier C A, has been found in the above 
cited problem to be 3 cz 2; double the ſum of theſe 
two laſt momentums being made equal to 2 #g — 22, 
gives $22 c22 — 2bdz=2ng—2A2; or if we 
ſuppoſe 6 + c = s, and a- bd= s; this equation 
becomes r - 2 5qZ = 2 #g ; whoſe ſquare root is 24 


AS 


REMARK. 


We have ſhewn in the ſecond ſection of the firſt part, 
after problem the ſecond, that on account of the ce- 
ment and roughneſs of the ſtones, the weight of the 
arch, or, which is the ſame, the area of G E, ſhould 
be diminiſhed by one third or more, in order to have 
the true momentum of the arch; and as in bridges, the 
parts between the arches are filled up with looſe ſtones, 
their weight will be greater in this caſe, than it would 
be otherwiſe; The queſtion is therefore to find what 
value ought to be aſſigned for , in order to find the 
thickneſs of the piers able to ſupport the preſſure of the 
arch, when it is loaded with this additional weight. 
For ſince the ſpaces above the arches are always ſimi- 
lar when the upper part of the bridge is horizontal, 
and conſequently proportional to the ſimilar parts 
AG FE, and this is nearly ſo in bridges; it is mani- 
feſt, that if the whole area AG FE, is taken for the 
value of x, and the piers are ſufficiently ſtrong in one 
ale, it will be ſo in all others. 

As the value of 1 cannot be eſtimated fo truly as 
rom ſome bridge that has been executed, and is look - 


re the ed upon by the maſters of this art, as a model to go 
d is WO); fo we ſhall make it appear, that if » expreſſes the 
rea d hole area AG FE; the thickneſs of the piers will 
s cem I come out nearly the ſame as thoſe of the Pont Royal 
line; * Paris, which ſupport the greateſt arch. 

e have According to Mr. Belidor, in an arch of 75 feet wide, 


ome Wi tie thickneſs of the piers whoſe height is about 6 feet, 
cum ſhould 


to the problem above, the thickneſs of the piers of ſuch 


the arches cannot be built together, it.is of abſolute ne- 
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ſhould be 13.5, when the arch is circular; and 15 feet 
when it is elliptical, as that of the abovementioned I 
bridges; But we have ſhewn in the ſecond ſection, that 
the preſſure of an elliptic arch is no greater than that 
of a circular form, on account of the weight being leſs 
in the former than in the latter; and ſince according 


an arch, is found'to be 14 feet, when they are 6 feet 
high, as in thoſe of the Pont Royal; it is evident, 
that the value of » aſſumed here, agrees with the 
above rule as nearly as can be expected. | 

Now as Mr. Belidor ſays, that his rules are agreeable 
to the practice of the greateſt maſters in that branch of 
engineering, we may preſume, that the thickneſſes of 
the piers, we have ound, will be ſufficient in all the 
different caſes that can happen, with this precaution 
however, that the piers are made of ſtrong ſolid ſtones, 
laid in the beſt and moſt ſubſtantial manner, 

It is to be obſerved, that the thickneſs of the piers 
here found, are ſuch as if there were but one finglc 
arch; but when there are arches on each ſide, the prel- 
ſure of the one deſtroys that of the other; but as al 


ceſſity, that the piers ſhould be able to reſiſt the pre 
ſure of each arch, independent of the adjacent ones; for 
which reaſon, it is neceſſary to build the wall GN 
above the pier before the arches are formed, as Mr. 
Labely has moſt judiciouſly done at Weſtminſter-bridge; 
for by this means, the arch will be in no danger to fil 
and cauſe needleſs expences. As to the parts between 
the arches, and the wall G N, they ought not to be fil 
edup till ſuch time as the arches on each fide ar 
finiſhed. 


TABLE 
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5 TaBLE containing the thickneſs of the piers of Bætoxs. 
at 


1 


II 2 | 15 | 18 EL 

F 

ng / 5-490] 5-913] 6. 2160 6.455 6.645 6.801] 7.93c 

= . 6.816 7-225] 7-513 7.746 7919) 5.102 

— [35] 7-258] 7-780] 8.200] 8.532 _$.807] 9.037 9.233 

the 49 8.404 8.091] 9.144] 9.523 9.325 2.101 0.328 
41 5.905] 9-579110.077|10.489 ©.837]11.136[11.294 

ble 5 9.805[10-454þ10 98711t1.435]11.517|12.146 12.434 

* 3510.640011 24511882 (2.264 

te 01 1.400]t2 110012 7 1d]1 3.281 

ion WY 0112-20511 3.025[13.645[14.185 

nes, 7912.1 14 13.869] 14.517 [4.049]15, 

: [514.000[14.705[15.336 15.665 6.480 

49 $014.74 7]1 5-542 16.2 34]16.842 

— 915.513 10.328]: 7.04 1 [7.074 

sa 6.37 311 7.201[17.929]1 8.578: 

be. 7. 18411 7.826/18-7721109-4.38 

5 17.997 18.848019. 010 20.293 


ie firſt vertical column, 


BLE 


The firſt horizontal line expreſſes the height of the 
ers in feet, from 6 to 24 feet, each increaling by 3: 


the width of arches from 20 


v 100 feet, for every 5 feet. 
The other columns expreſs the thickne 

and decimals, according to the ref] 
the head of the column, and the widt 
gunſt it in the firſt column. | . 
Thus for example, let the width of the arch be 60 
et, and the height of the piers 12; then the number 
71, under 12, and againſt 60, expreſſes the thick- 
* 6! the piers, that is 12 feet, and 8.6 inches; we 
ut obſerve again, that the length of the key-ſtone 
8 


ſs of piers in 


five height 


h of the arch 
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is 2 feet in an arch of 30 feet wide; 3, 4, 5, 6, in an 
arch of 43, 60, 75, 9o; that of 20 feet wide one foot 
4 inches; and the length of any other width is found 
by adding 4 inches for every five feet in width. 

As this table contains the thickneſſes of piers in re- 
ſpect to arches that are commonly uſed in practice, ve 
imagined, that to carry it farther would be needleſs; 
beſides, if any other arch of a greater width was 
poſed, the ſtrength of its piers may be found by the 
toregoing problem, as well as that of any intermediate 
one not inſerted here ; or becauſe the difference between 


the thickneſs of the piers of any two contiguous arches : 
is. but ſmall; thoſe between any two marked here, k 
may be made equal to half the ſum of the next beloy 0 
and above it: thus the thickneſs of the piers of an arch 0 
52 or 53 feet wide is nearly equal to 10.222, half the R 
ſum of the thickneſſes 9.805 and 10.64 of the arch- 5 
— 50 and 55 feet wide, when the height of the piers is 0 
cet. 

Rectangular piers are ſeldom uſed but in bridges , 
over ſmall rivers; in all others, they project the wh 
bridge by a triangular priſm, which preſents an edge u ab. 
the ſtream, in order to divide the water more ealily, ve 
and to prevent the ice from ſheltering there, as well x | 
veſſels from running foul againſt them; that edge 's WI a 


terminated by the adjacent ſurfaces at right angles w | 


each other at Weſtminſter bridge, and make an acute * 
angle at the Pont Royal, of about 60 degrees; but la- red 
wy the French terminate this angle by two cylindric the 
turfaces, whoſe baſes are arcs of 60 degrees, in il heit 
their new bridges. the 

When the banks of the rivers are pretty high, be hav, 
bridge is made quite level above, and all the arches d « 
an equal width; but where they are low, or for the troy 
ſake of navigation a large arch is made in the middle d dc 
the ſtream, then the bridge is made higher in the mid T 
than at the ends; in this caſe, the lope muſt be ma 
eaſy and gradual on both ſides, fo as to form me 


2K 


er 


. cy 
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one continued curve line, otherwiſe it appears diſagree- 
able to the eye. Mr. Belidor will have the deſcent of 
that ſlope to be one twenty fourth part of the length: 
and Mr. Labely ſays he made it one twentieth part 
only, which he thinks to be ſcarce perceptible ; but 
as Weſtminſter bridge is 1220 feet according to his own 
account; if half this breadth be divided by 20, we 
ſhall find 30.5 for the difference between the height 
of the middle arch and the end of the abutments : now 
if this can be called ſcarcely perceptible, I ſhould be 
glad to know how far this deſcent may be carried, 
ſince it is plain, that the lope of W:tminſter bridge is 
too much by a good deal, according to the beſt judges ; 
for the beauty of any bridge conſiſts, in that one may 
ſee from one end to the other, like a ſtreet, if it is poſ- 
ſible; or, if the nature of the ſituation does not permit 
it, the leaſt riſing is the beſt; for which reaſon, I 
ſhould think that one fiftieth part of the length is quite 
ſufficient for the deſcent ; whence, according to this 
rule, the middle arch of the above mentioned bridge 
would be about 11 feet higher than the ends of the 
abutment, which, in my opinion, would have looked 
very well. | 

It may be ſaid, that the circumſtances would not 
allow ſo eaſy an aſcent, becauſe the arches are circular; 
but if the middle arch, which is 38 feet high, had been 
made elliptical, then that height would have been 
reduced to 28.5 feet, that is, to three fourths of 
the preſent height; this would have diminiſhed the 
height of the bridge by 9.5 z and beſides one fourth of 
the maſonry contained in the arches would thereby 
have been ſaved, which methinks would have been a 
ſufficient inducement to recompence the little more 
trouble required to make an elliptic arch inſtead of a 
Circular one. : 

The width commonly allowed to ſmall bridges is 30 
feet ; but in large ones near great towns, theſe 30 feet 
we allowed clear for horſes and carriages, belides a. 

8 2 banquet 


—— — — 


finiſhing the courſes of the ſtones, both without a 


curve, whoſe conſtruction has been given in the 


done, and the ſtones ſo far laid in mortar, they M 
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banquet at each fide for foot paſſengers of 6 tog 
each, raiſed about a foot above the common road; 
parapet-walls on each fide are about 18 inches thick, 
and 4 feet high; they generally project the bridge with 
a corniſh underneath ; ſometimes balluſtrades of tous 
or iron are placed upon the parapet as at eins 
but this is only practiſed where a bridge of a ge 
length is made near the capital of a count. 
The ends of bridges open from the middle oft 
two large arches with two wings making an angle & 
45 degrees with the reſt, in order to make their 
trance more free and eaſy ; theſe wings are ſuppaned 
by the ſame arches of the bridge next to them H 
continued in the manner of an arch, of which one 
much longer than the other. enn 
We have before determined the length df 
key-ſtone, but ſaid nothing of the others toõw-õꝗ 
ſpring of the arch; which were formerly made 
the ſame length, and the reſt of the front · walls f 
with horizontal courſes up to the cordon, 
ſpandrels or interval between the arches filled 
ruble-ſtone without mortar z but now the joints of the 
arch-ſtones are continued quite up to the cordon,” ati 
the looſe ſtones , between the arches on the inſide 
laid in the direction of the ſame joints: this waf 


= 
F& 


within, is certainly preferable to the former: but 
beſt and only true method is, to form the gut- 
courſes, in the manner juſt now mentioned, and 
inſide, the arch-ſtones continued ſo as to form 


problem of the ſecond ſection, part the firſt ; this ben 


in equilibrio with each other, as has been ſnewn in 
ſection; the reſt may be filled up with looſe kane 
having proper bonds as uſual. +48 

As the conſtruction of this exterior curve- is ſa. 
its execution can admit of no difficulty; but 


-=® 
of . 
A 
3 * 
0 — * 4 
. # E : 
a 
ww 7 
* 5 . P 
—— —. — , ˖˙§＋§—˖ð — 
— 1— —— ũù ůͥ8ůͤj—Hj ] 
p — 
1 - 
| | i # J 
- 
LEE N 
2 


n 


« - 


: 
b = MP 
\ + ; , 
- 
oy 
* * 
* 
- 
, e 
. 
8 1 * 4 
- — 
> : _— 71 _— 
P—ﬀC——— — ——— AT - 

7 , 

[0 : 
5 n 

Y 1 
9 
" , 


— 
— 
* I 
- — 
» 
p 
. 
| 
” 
* 


Plan of a Roof 


I 


Various Pitches 
For Roofs 


D 


—— 


deck. 1. FORTI FICATION. 261 


we have not given that when the interior curve is an 
ellipſis, and we have proved that curve to be the beſt 
and only one to be uſed in bridges, we muſt beg leave 
to refer the reader to the fifth ſection of the third book 
of our mathematical treatiſe, where it is given; it was 
through overſight omitted in this work. 

When the upper part of the bridge is finiſhed with 
ſtones in the manner mentioned above, ſo as to form 
one continued curvilinear ſurface, a bed of fand ard 
gravel is laid all over it, of about 6 feet deep, and then 
finiſhed with paving the middle paſſage, or with coarſe 
ome and the banquets are covered with flat ſtones 
or the foot paſſengers. 

The ſpring of the arches ſhould begin at low-water 
mark, that is, that of the middle or greateſt, the reſt 
are raiſed ſomewhat higher, ſo as to make the upper 
part of the bridge of the propoſed deſcent, but in a ſi- 
tuation where the ſwater wells very high in ſome par- 
ticular ſeaſon of the year, regard muſt be had to that, 
and the arches muſt be raiſed accordingly. 

The firſt figure of plate XXIV. is the elevation of a 
bridge with elliptic arches, the ſecond is the plan, and 
the third a ſection through the middle of the arch next 
to the abutment; the arches are 75 feet wide, the 
piers 12 high, and 15 broad; the angles at the extre- 
mities are right ones, and reach from the bed of the 
ner quite up to the top of the parapet, where they 
form receſſes tor paſſengers to retire into upon occaſion ; 
but the foundation up to the bed of the river is rectan- 
gular, for reaſons mentioned hereafter. The ſection 
news the wings of the bridge in front, and how the 
ach turns in that place. 

We have thus given all the dimenſions of the ſeveral 
parts of ſtone bridges, (for the moſt part deduced from 
a well afſerred theory, and therefore may be d epended 
upon, with more ſecurity than thoſe given by other 
authors) and which are to be neceſſarily known before 
building of a bridge is undertaken ; we ſhall now 
83 ſnew 


262 PRACTICAL Hun. 8 
ſhew how to proceed in the execution from the begin- 
ning of laying the foundation to the entirely finiſhing 
of the work. 


How the work is to be carried on. 


As the laying the foundation of the piers is the moſt 
difficult part of the whole work, it 1s neceſſary we 
ſhouid begin with an eaſy caſe, that is, when the d 
of the water does not exceed 6 or 8 feet; and then 
procced to thoſe which may happen in a greater depth 
of water. | 

One of the abutments with the adjacent piers is in- 
cloſed by a dyke called batardeau by the French, of a 
ſufficient width for the work, and room for the work- 
men; this batardeau is made by driving a double 
row of piles, whoſe diſtance is equal to the depth of 
water, and the piles in each row are 3 feet from each 
other ; they are faſtened together on the outſide by 
bonds of 6 by 4 inches; this being done, frames of 
about 9 feet wide are placed on the inſide to receive the 
boards, which are to torm the incloſure, the two up- 
rights of theſe frames are two boards of an inch and 
half thick, ſharpenedbelow tobe driven into the ground, 
and faſtened together by double bonds, one below, 
and the other above, each ſeparated by the thicknels 
of the uprights; theſe bonds ſerve to flide the boards 
between; after theſe frames have been driven into the 
ground as hard as can be, then the boards themſelves 
are likewiſe driven in till they reach the firm ground 
underneath, 

Between every two piles tie beams are faſtened to the 
bonds of the piles to faſten the inſide wall to the outſice 
eng; theſe tie beams are let into the bonds and boltec 
to the adjacent piles: This being done the bottom! 
cleared from the looſe ſand and gravel, by a machine 
like thoſe uſed by ballaſt-heavers; and then well pie. 
pared clay is rammed into this coffer very tight and firm, 


to prevent the water from oozing through. : 
Sometimes 


C> WE cms = _ 


ect. 1. FORTIFICATION. 283 


Sometimes theſe incloſures are made with piles only 
driven cloſe to each other, at others the piles are notch- 
ed or dove · tailed one into the other: but the moſt 
uſual method is to drive piles with grooves in them, 5; or 
6 feet diſtant from each other, and boards are let down 
between them. 

This being done, pumps and other engines are uſed 
to draw the water out of the incloſure, ſo as to be 
quite dry; then the foundation is dug, and the ſtones 
are laid in the ſame manner, and with the ſame precau- 
tions as have been mentioned in reſpect to thoſe of a 
fortreſs : obſerving to keep ſome of the engines always 
ſtanding, in order to draw out the water that may oo 
through the batardeau. 

The foundation being cleared, and every thing ready 
to begin the work; a courſe of ſtones is laid, the outſide 
all round with the largeſt ſtretchers and headers that 
can be had, and the inſide filled with aſhlers well joint- 
ed, the whole laid in terraſs mortar: the facings are 
crampt together, and ſet in lead; and ſome cramps are 
alſo uſed to faſten the facings with the inſide. The 
lame manner is to be obſerved throughout all the 
courſes to the height of low-water mark; after which 
the facings alone are laid in terraſs mortar, and the in- 
lide with the beſt of the common ſort. 

The extent of the baſe of the foundation does not ſo 
much depend on the bigneſs of the piers as on the 
whole weight of the ſuperſtructure, which methinks 
has not always been ſo much conſidered as ſhould have 
been done; for it is ſaid, that every courſe ſhould pro- 
ject about a foot beyond that which is next above it 
from the height of low-water mark, whether the bridge 
be high or low, the arches circular or elliptic : but as 
every pier ſupports two halt arches together with the 
weight of the ſtones laid between the hanches ; the baſe 
ught to be regulated accordingly, as likewiſe in pro- 
portion to the height of the pier. When the founda- 
un is carried to the height of low-water mark, or to 
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the height where the arches begin, which ought to be 
either thereabout or at moſt two feet above it when 
the arches are elliptical ; then the ſhaft or middle wall 
is to be carried up nearly to the height of the arches, 
and there left ſtanding till all che piers are finiſhed, in 
order that the maſonry may be ſufficiently dry and ſet- 
tled before the arches are begun, 

As the piers end generally with an angle at each end, 
it is cuſtomary to lay the foundation in the ſame man- 
ner, which is not ſo well as to continue the baſe rect- 
angular quite to the ends of the piers, and as high as 
low-water mark ; both becauſe the foundation be- 
comes then ſo much broader, and alſo becauſe the 
water will not be able to get under it: for when the 
current ſets againſt a flat ſurface, it drives the ſand and 
mud againſt it, ſo as to cover it entirely; wnereas if a 
ſharp edge be preſented to the ſtream, it carries every 
thing away, and expoſes the foundation to the continual 
action of the water, which in courſe of time mult de- 
ſtroy it. 13 

The piers being all finiſhed, and the maſonry well 
ſettled ; the next thing to be done is to frame and fix 
the centers, which ought to be ſo ſolid and ſtrong as 
to be able to ſupport the great weight of the arches ; 
as their conſtruction is commonly known by workmen, 
and as thoſe made ule of at W/:tminſter-bridge will be 
explained by Mr. Lebely himſelt, we ſhall ſay no more 
of them than to obſerve, that they are fixed at the ends 
upon the projection of the foundation; and when the 
arches are very large they are ſupported in the middle 
by piles, and they muſt be raiſed by means of iron 
wedges about 3 inches higher than the arches are in- 
tended to be, in order to allow for the ſettling of the 
maſonry, theſe wedges by being looſened gradually 
ſcrve to eaſe the center, ſo that it may only juſt touch 
the arch, and ſo facilitate the taking it quite away when 
the maſonry is ſutticiently ſettled. Th 
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The French engineers fix thin boards on each ſide 
with the directions of the joints marked upon them, 
for the conveniency of working with more ſpeed; this 
appears to be very uſeful, eſpecially when the arches 
are elliptical ; they have patterns beſides for every 
joint, in order to cut the ſtones in a proper manner. 

Theſe preparations being made, the ſtones of the firſt 
courſe are crampt together, as alſo all thoſe of eve 
fifth courſe quite up to the key-ſtones. All the ſtones 
are to be laid in good ſtrong mortar, not very thick, fo 
that they may lay as cloſe as poſſible, and cauſe but 
little ſettling : the arch being compleated, the center 
is eaſed by means of the wedges, but left ſtanding till 
the next arch is finiſhed then it is taken away and made 
fit ro ſerve for ſome other arch; ſo that there are not 
above thice centers required to compleat the bridge. 

After the intervals between the arches are filled up 
with ſtones laid in a regular manner without mortar, 
and the gravel is laid over them; two drains or.gutters 
are made length-ways over the bridge one on each ſide 
next to the foot-path, of about 6 feet wide, and a foot 
deep; which being filled with ſmall pebble ſtones, 
lcrve to carry off the rain-water that falls on the bridge, 
and to prevent its filtering through the joints of the 
arches, as often happens. 

If the ſame precautions were uſed here, as have been 
above recommended to prevent water from penetratin 
through arches conſtructed under ground, I ſhould 
Imagine that this would be much better than the method 
commonly practiſed :. for when the water paſſes through 
the joints of the arch-ſtones, as it does at Weſtminſter 
bridge, it has an ill effect to the eye, becauſe thoſe 


ſtones that are wet, look of a black colour different 
ſrom the reſt, 
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How to build in water with Cor FE RVS. 


The former method of laying the foundation by 
means of batardeaus is very expenſive and often meets 
with great difficulties : for when the depth of water is 
8 feet or more, it is ſcarcely poſſible to make the batar- 
deaus ſo tight as to prevent the water from oozing 
through them, and in that caſe, the number of engines 
required, as well as the hands to work them, become 
very expenſive z and if part of the batardeau ſhould 
break by ſome. extraordinary wind or tide, the work- 
men would be expoſed to very great danger. 

Therefore the next and beſt method is to build with 
coffers, when it is practicable, ſuch as were uſed at 
Weſtminſter bridge. Since Mr, Labely promiſes to give 
a particular account of their conſtruction, and the man- 
ner in which they were uſed, we ſhall here mention 
ſome few things only, referring the reader for a fuller 
deſcription of them to this gentleman's work, a part 
of which has been publiſhed ſince the bridge was 
finiſhed. 

The height of water was 6 feet at a medium when 
| Joweſt, and the tide roſe about 10 feet at a medium 
alſo; ſo that the greateſt depth of water was about 
16 feet; at the place where one of the piers of the 
middle or great arch was to be, the workmen began to 
drive piles of about 13 or 14 inches ſquare, and 34 
feet long, ſhod with iron, ſo as to enter into the gra- 
vel with more eaſe, and hooped above to prevent their 
ſplitting in driving them; thele piles were driven as deep 
as could be done, which was 13 or 14 feet below the 
ſurface of the bed of the river, and 7 feet diſtant from 
each other, parallel to the ſhort ends of the pier, a 
at about 3o feet diſtant from them; the number 
theſe piles was 34, and their intent to prevent an} 
veſſels or barges from approaching the work, and in ot. 
der to hinder boats from paſſing between them, booms 
were placed ſo as to rife and fall with the water. 
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This being done, the ballaſt- men began to dig the 
foundation under the water, of about 6 feet deep, and 
5 wider all round than the intended coffer was to be, 
with an eaſy flope to prevent the ground from falling 
in; in order to prevent theWirrent from waſhing the 
land into the pit, ſhort grooved piles were driven be- 
fore the two ends and part of the ſides, not above 4 
feet higher than low-water mark, and about 15 feet 
diſtant from the coffer : between theſe piles, rows of 
boards were let into the groves down to the bed of the 
river and fixed there, | 

The bottom of the coffer was made of a ſtrong 
grate, conſiſting of two rows of large timbers, the one 
long-ways and the other croſs-ways, bolted together 
with wooden trunnels, ten feet wider than the intend- 
ed foundation. The ſides of the coffer were made of 
ir timbers laid horizontally cloſe one over another 
pinned with oaken trunnels, and framed together at 
the corners, excepting at the two ſailant angles, where 
they were ſecured with proper irons, fo that the one 
half might be looſened from the other if it ſhould be 
thought neceſſary ; theſe ſides were lined on the inſide 
as well as on the outſide with three inch planks placed 
vertically ; the thickneſs of thoſe ſides was 18 inches 
at the bottom, reduced to 15 above, and they were 
16 feet high ; beſides, knee-timbers were bolted at the 
angles, in order to ſecure them in the ſtrongeſt man- 
ner. The ſides were faſtened to the bottom by 28 
pieces of timber on the outſide, and 18 within, called 
ſtraps, about 8 inches broad, and 3 or 4 inches thick, 
reaching and lapping over the ends of the ſides ; the 
lower part of theſe ſtraps had one fide cut dove-tail 
faſhion, in order to fit the mortiſes made near the edge 
of the bottom to receive them, and were kept in their 
places. by iron wedges z which being drawn out when 
ine ſides were to be taken away, gave liberty to clear 
tue ſtraps from the mortiſcs. 

Before 
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Before the coffer was launched, the foundation was 
examined, in order to know whether it was level; for 
which purpoſe ſeveral gauges were made, each of which 
conſiſted of a ſtone of about 15 inches ſquare, and 3 
thick, with a wooden pole in the middle of about 18 
feet long. The foundation being levelled and the cof- 
fer fixed directly over the place with cables faſtened 
to the adjacent piles; the maſons laid the firſt courſe 
of the ſtones for the foundation within it, which being 
finiſhed, a ſluice made in the ſide was opened near the 
time of low-water; on which the coffer ſunk to the 
bottom; and if it did not ſet level, the fluice was ſhut, 


and the water pumpt out, ſo as to make it float till natur 
ſuch time as the foundation was levelled; then the ma- lt b 
ſons crampt the ſtones of the firſt courſe and laid a ſe- od. 
cond, which being likewiſe crampt, a third courſe was e ar 


laid: then the ſluice being opened again, proper care reſt o 
was taken that the coffer ſhould ſettle in its due place. Mud: 
The ſtone-work being thus raiſed to within two feet of Purbe 
the common low-water mark, about two hours before count 
low-water the ſluice was ſhut, and the water pumpt 
out ſo far as that the maſons could lay the next courſe 
of ſtone, which they continued to do till the water was 
riſen ſo high as to make it unſafe to proceed any far- 
ther; then they left off the work, and opened the ſluice 
to let in the water; thus they continued to work night 
and day at low-water, till they had carried their work 
ſome * higher than the low-water mark; after this 
the ſides of the coffer were looſened from the bottom, 
which made them float, and then were carried aſhore 
to be fixed to another bottom, in order to ſerve for the 
next pier. N 

It muſt be obſerved, that the coffer being no hight! 
than 16 feet, which is equal to the greateſt depth of 
water, and the foundation being 6 feet under the 
of the river; the coffer was therefore 6 feet u 
water when the tide was in; but being loaded with three 
courſes of ftones, and well ſecured with ropes faſten 
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to the piles, it could not move from its place. By 
making it no higher much labour and expence were 
ſaved, yet it anſwered the intent full as well as if it had 
been high enough to reach above the higheſt flood. 

The pier being thus carried on above low-water mark, 
the maſons finiſhed the reſt of it during the intervals of 
the tides in the uſual way; and after all the piers and 
aburments were finiſhed in a like manner, the arches 
were begun and compleated as mentioned before: the 
whole bridge was built in about ſeven years, without 
any accidents happening, either in the work or to the 
workmen, Which is ſeldom the caſe in works of this 
nature. 

It may be obſerved, that all the piers were built with 
ſolid Portland ſtone, ſome of them weighed four tons, 


Wi: arch-ſtones were likewiſe of the ſame ſort, but the 
ett of the maſonry was finiſhed with Kentiſh rag-ftones, 


and the paths for foot paſſengers were paved with 


WP urbec, which is the hardeſt ſtone to be had in this 


country, excepting Plymouth marble. 

This method of building bridges is certainly the ea- 
leſt and cheapeſt that can be thought of, but cannot be 
uled in many caſes : when the foundation is ſo bad as 
not to be depended upon without being piled, or the 
depth of water is very great, with a ſtrong current and 
nd tide, I do not ſee how it can then be practiſed. For 
piles are to be uſed, it will be next to impoſſible to 
ut them off in the ſame level five or fix fee: below the 
ed of the river, notwithſtanding that ſaws have been 
avented for that purpoſe ; becauſe, if they are cut off 
*Parately it will be a hard matter to do it ſo nicely that 
e one ſhall not exceed the other in height, and if this 
* not done, the grating or bottom of the coffer will not 
e equally ſupported, whereby the foundation becomes 
F.ccar10us : neither can they be cut off all together; for 
les are to be driven as far as the bottom of the coffer 
ends, which at Veſtiminſter bridge was 27 feet; the 
mult have three feet play, which makes the toral 

length 
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length of the ſaw 30 feet; now if either the water is di 
deeper than it is there, or the arches are wider, the ſaw ſe 
muſt ſtill be longer; ſo that I leave the reader to judge cu 
whether this method be practicable or not, in any ſuch m 


like caſes. th 
In a great depth of water that has a ſtrong current be 
and no tide, the coffers muſt reach above the water, it 
which makes them very expenſive, and unweildy to lai 
manage, as well as very difficult to be ſecured in their int 
= and kept ſteddy : ſo that there is no probabi- wh 
ity of uſing them in ſuch a caſe. or 
In ſome caſes when there is a great depth of water, 2 
and the bed of the river is tolerably level, or can be kin 
made ſo by any contrivance, a very ſtrong frame of Par 
timber about four times as large as the baſe of the piers Wh mne 
may be let down with ſtones upon it round the WW ber 
edges to make it ſink : after fixing it level, piles mult i ©28 
be driven about it to keep it in its place; and then the ſeal, 
foundation may be laid in coffers as before, which are Will *28* 
to be kept ſteddy by means of ropes tied to the piles. till i 
This method has frequently been uſed in Ruſia, 21 Pick 
have been aſſured by a gentleman who has ſeen it T 
Though the bed of the river is not very ſolid yet the 
ſuch a grate, when once well ſettled with the weight ol ſprea 
the pier upon it, will be as firm as if piles had been I can; 
driven under the foundation; but to prevent the water broki 
from gulling under the foundation and to ſecure it botto 
againſt all accidents, a row of dove: tail piles muſt be gi *urne 
driven quite round the grating ; this precaution being the x 
taken, the foundation will be as ſecure as any that cu Pace: 


be made. F 
The French engineers make uſe of another method BY cp 
in raiſing the foundations of maſonry under Water 


which is, to drive a row of piles round the intend N 0 
place, nearer to, or farther from each other, according a — 
the water is more deep or ſhallow ; theſe piles being Fre 


ſtrongly bound together in ſeveral places with horizon 


tal tic-beams, ſerve to ſupport a row of 7 r — 
n 
4 
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driven within them; when this is done, and all well 
ſecured according to the nature of the ſituation and cir- 
cumſtances; they dig the foundation by means of a 
machine with ſcoops, invented for that purpoſe, until 
they come to a ſolid bed of gravel or clay ; or if the 
bed of the river is of a ſoft conſiſtence to a great depth, 
it is dug only to about 6 feet, and a grate of timber is 
laid upon it, which is well ſecured with piles driven 
into the oppoſite corners of each ſquare, not minding 
whether they exceed the upper ſurface of the grate much 
or little. 

When the foundation is thus prepared, they make a 
kind of mortar called Beton, which conſiſts of twelve 
parts of pozolano or dutch terraſs, ſix of good ſand, 
nine of unſlaked lime the beſt that can be had, thir- 
teen of ſtone ſplinters not exceeding the bigneſs of an 
egg, and three parts of tile-duſt, or cinders, or elſe 
ſcales of iron out of a forge : this being well worked 
together muſt be left ſtanding for about 24 hours, or 
til g becomes ſo hard as not to be ſeparated without a 
pick- ax. 

This mortar being thus prepared, they throw into 
the coffer a bed of ruble-ſtone not very large, and 
ſpread them all over the bottom as nearly level as they 
can; then they ſink a box full of this hard mortar, 
broken into pieces, till it comes within à little of the 
bottom; the box is ſo contrived as to be overſet or 
turned upſide down at any depth; which being done, 
the pieces of mortar ſoften and ſo fill up the vacant 
paces between the ſtones; by theſe means they fink 
s much of it as will form a bed of about twelve inches 
tho deep all over: then they throw in another bed of ſtone, 
aer; ©! continue alternately to throw one of mortar and 
nded one of ſtone till the work approaches near the ſurface 

ol the water where it is levelled, and then the reſt is 
iniſhed with ſtones in the uſual manner. 
Mr. Belidor ſays, in the ſecond part of his hydraulics, 
"vl. ii, pag. 188, that Mr. Milet de Montville —_ 
e 
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filled a coffer containing 27 cubic feet, with maſo 
made of this mortar, and ſunk it into the ſea, it was 
there left ſtanding for two months, and when it was 
taken out again, it was harder than ſtone itſelf, Where 
ſuch mortar can be made, this method has certainly the 
advantage over all the others, not only in building the 
piers of bridges over deep rivers, but likewiſe in mak- 
ing piers for harbours, and in all other aquatic works; 
but before it is made uſe of, I would adviſe the engi- 
neer to make firſt a trial of his mortar ; ſince = 
of this nature are of too great conſequence to be carried 
on without an abſolute certainty of ſucceſs. 

We have hitherto mentioned ſuch ſituations only where 
the ground is of a ſoft nature; but where it is rocky and 
uneven all the former methods prove ineffectual ; nor 
indeed has there yet been any one propoſed that I know 
of, which might be uſed upon ſuch an occaſion, eſ- 
pecially in a great depth of water ; but as an engineer 
ought to know how to proceed upon all occaſions, we 
ſhall therefore mention ſome few obſervations under 
this head. When the water is not ſo deep but that the 
unevenneſs of the rock can be perceived by the eye, 
piles ſtrongly ſhod with iron, may be raiſed and let fal 
down by means of a machine, upon the higher parts, 
ſo as to break them off piece by piece, till the founda- 
tion is tolerably even, eſpecially when the rock is not 
very hard; which being done either this or any other 
way that can be thought of, a coffer is made without 
any bottom, which is let down and well ſecured, ſo 3 
not to move from its place; to make it ſink, heavy 
ſtones ſhould be fixed on the outſide ; then ſtrong mor- 
tar and ſtones muſt be thrown into it; and if the foun- 
dation is once brought to a level, large hewn ſtones may 
be let down fo as to lie flat and even; by theſe means 
the work may be carried on quite up to the ſurface of 
the water. 

But when the water is ſo deep, or the rock ſo hard 


as not to be levelled, the foundation muſt be found 
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ſo as to get nearly the riſings and fallings; then the 
lower — the coffer muſt be cut nearly in the ſans 
manner, and the reſt finiſhed as before. It muſt how- 
ever be obſerved, that we ſuppoſe a poſſibility of ſink- 
ing a coffer, but where this cannot be done, no me- 
thod that I know of will anſwer ; and therefore I leave 
it to the judgment and knowledge of the engineer em- 
ployed upon ſuch an occaſion, in what manner he is to 
proceed. : 

Among the aquatic buildings of the ancierits none 
appear to have been more magnificent than Trajan's 
bridge. Dion Caſſius gives the following account of 
it: „ Trajan built a bridge over the Danube, which in 
truth one cannot ſufficiently admire; for though all 
the works of Trajan are very magnificent, yet this 
* far exceeds all others: The piers were 20 in 
number, of ſquare ſtone ; each of them 150 feet high 
above the foundation, 60 feet in breadth, and diſtant 
from one another 170 feet. Though the expence of 
* this work muſt have been exceeding great, yet it be- 
comes more extraordinary by the river's being very 
rapid, and its bottom of a ſoft nature: where the 
bridge was built, was the narroweſt part of the river 
« thereabout, for in moſt others it is double or treble 
this breadth ; and although on this account it became 
* ſo much the deeper and the more rapid, yet no other 
place was ſo ſuitable for this undertaking. The arches 
* were afterwards broken down by Adrien; but the piers 
ware ſtil! remaining, which ſeem as it were to teſtify, 
* that there is nothing which human ingenuity is not 
able to effect.“ The whole length then of this bridge 
n Was 1590 yards; ſome guthors add, that it was built 
nu one ſummer, and that Apolledorus of Damaſcus was 
de architect, who left behind him a deſcription of this 
ol great work, It is a great loſs to the world that his 
deſcription has not come down to us, ſince it would 
have ſhewn both how theſe works were carried on for- 

| 3 „ 
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merly and how far modern builders are inferior tg the 
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T HE making and incloſing harbours with pen 


ſo as to reſiſt the wind and waves for the 
vation of ſhips in ſtormy weather, is one of the m 
uſeful and neceſſary works that can be made in a trats 
ing nation, ſince the ſecurity of their wealth and po 
er depends greatly upon it; for many ſhips have bi 
caſt away, and the lives of many people loſt, for want 
of a ſecure harbour, which might have been ſaved dar 
a moderate ſum of money, had it been properly ape 
ied. : we 
P Though engineers are not generally employed here 
in England in ſuch kind of works, yet it is proper 
their Þuſinels; this may perhaps rather be owing 8 
their want of ſkill in them than to any thin elſe ha | 
ſince fortreſſes are generally built near the £ or navy 
gable rivers for the ſecurity of trade, and this ang 
be ſecured without building ſafe harbours ; there 
ought to be the particular ſtudy of every young gn 
neer, who is deſirous of being uſeful to his count 
of diſtinguiſhing himſelf, to make himſelf ma 
this branch of buſineſs, _ 
As it ſeldom happens that ſuch works are carried of 

at home, he ſhould attentively examine thoſe hae 
already executed, both at home and abroad, and taks 
notice of their figure, ſituation, entrance, wind, 
tide, whether the ſhips can go in with ſafety: 
weather, and out when favourable ; whether it V8 
have been better if the entrance had been made elſe 
where ; whether the piers are ſtrong and lobdgl 
want often to be repaired, and in general whether f 
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harbour anſwers in every reſpect the intention for which 
it was built. : | R 

He ought to get information from the inhabitants, 
workmen, or the builder himſelf, if he is alive; to 
know the reaſons for making it of that figure, why the 
entrance is placed in that fituation, how the founda- 
tions' were laid, what accidents happened, how long it 
was in building, what number of hands were employ- 
ed, and what the expences have been. | 

Having thus examined as many harbours as he could 
conveniently ſee, and having made himſelf acquainted 
with the manner of their building, he will be able to 
judge, when a new one is propoſed, whether the ſitua- 
tion is proper or not, and how it may be executed in 
the beſt and ſecureſt manner, together with what the 
expences would nearly come to. 

But before a young engineer enters practice, 
he ſhould have a proper knowledge of the mathema- 
tics, eſpecially of that part which treats of the mecha- 
nical powers and hydraulics, in order to know in what 
manner engines are conſtructed and applied to the ſe- 
veral uſes they are intended for; this he may obtain 
by conſulting thoſe authors who have written upon 
them, and by examining the engines themſelves, to 
ke if they anſwer the intention, or whether they might 
not be improved; or Elſe, if others could not be in- 
vented of a different form, which would be more ſim- 
ple, and more expeditious. f 3 

In order to aſſiſt beginners, we ſhall ſet down here 
the principal enquiries to be made before a harbour is 
executed, the manner of laying the foundation, and 
how the works are to be carried on moſt. ſecurely, in 
e plaineſt and eaſieſt manner that we could think of, 
d which has been approved of by moſt authors who 


$ * 


ave treated of this ſubject. | | 
The firſt thing to be conſidered is the ſituation, 
Thich may be ſome large creek or baſon of water, in 
r near the place were the harbour is intended to be 


276 PRACTICAL Part Iv. 
made, or at the entrance of a large river, or near * 
ſea; for a harbour ſhould never be dug entirely out p. 
dry land, unleſs upon ſome extraordinary occaſions, of 
2 it er to do otherwiſe, and 2 har- 
r is utely neceſſary ; when a proper place is 

found, before. it is fixed upon, it muſt be conſidered of 
whether ſhips can lie there ſafe in ſtormy weather, eſ- on 
pecially when thgſe winds blaw which are moſt * pie 
ous upon that, coaſt ; whether there be any hills, ri 
ground, or high buildings that will cover it;; in bro 
caſes the ſituation is very proper; but if there be no- and 
thing already that will cover the ſhips, it muſt be ob- the 
ſerved whether any covering can be made at a mode- qui 
rate expence, otherwiſe it would be uſeleſs to build a 
harbour there. 4 

The next thing to be conſidered is, whether there be orfi 
a ſufficient depth of water for large ſhips to enter with 
ſafety, and lie there without touching the ground, and 
if not, whether the entrance and inſide might not be 
made deeper at a moderate expence; or in caſe a ſuffi- 
cient depth of water is not to be had for large ſhips, 
whether the harbour would not be uſeful for ſmall mer- 
chantmen; for ſuch a one is often of great advantage 
when ſituated upon a coaſt much frequented by ſmall 
coaſting veſſels 

The place where the entrance is to be made ought to 

be well conſidered; it ought to be ſuch that the * 
may enter in foul weather and go out when fair: for 
though ſhips may enter when in diſtreſs, yet if they 
cannot go out when the wind is fair to purſue their 
voyage and not to loſe their market ; ſuch a harbour 
would not anſwer the end for which it was deſigned. 

It is therefore neceſſary to conſider well the current, 
tide, a1d winds, as alſo the banks of ſand near about 
itz and to conſult the maſters of ſhips as well as the 
pilots who live thereabout, or frequent the coaſt ; they 
are better judges where the entrance ſhould be than any 
body elſe ; but if it ſhould happen that they are divided 
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in their opinions, as it often is the caſe; it will be 
prudent not to determine the ſituation of the entrance 
till part of the piers are built, and ſufficient obſervations ' 
made, where it will be moſt convenient. 

When a ſituation has been found that has all or moſt 
of theſe requiſite advantages, an —_— is to be made 
concerning the materials to be uſed in building the 
piers, where they are to be had, if upon the ſpot, near 
— or gn diſtance, whether they are to be 

ught or water carriage,' or one w 
and — the other; their prime coſt muſt — | 
the expence for bringing them to the ſpot, the time re- 
quired, and the expence of the workmanſhip to make 
them ready for uſe. 


All theſe pre ve enquiries being made, the form 
or figure of 1— —— — be — 16 in ſuch a 
manner that the = which come in when it is ſtormy 
weather may lay ſafe, and ſo as there may be ſufficient 
room for as many as paſs that way: the depths of water 
where the piers are to be built, muſt be taken at every 
ten, fifteen, or twenty feet diſtance, and marked upon 
piles driven here and there, in order that the workmen 
may be directed in laying the foundation. 

This being done, it muſt be conſidered what kind of 
materials are to be uſed, whether ſtone, brick, or wood; 
when ſtones are to be had at any moderate price, th 
ought to be preferred, becauſe the work will be muc 
ſtronger, more laſting, and need fewer repairs than if 
made with any other materials: but when ſtones are 
ſcarce, and the expence becomes greater than what is 
alowed for building the harbour, the foundation may 
be made of ſtone as high as low: water mark, and the 
relt finiſhed with brick If this manner of building 
ſhould ſtill be too expenſive; wood muſt be uſed ; that 
s, piles are driven as Cloſe as is thought neceſſary, 
Which being faſtened together by croſs-bars, and cover- 
© with ſtrong oaken planks, form a kind of coffer, 
Wich is filled with all Kinds of ſtones, chalk, and 
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ſhingles, as will, be explained more at large hereafter. 

The materials being fixed upon, an eſtimate is made 
of the expences; the number of hands to be employed 
at a time is determined, ſo as they may conveniently 
work without interfering with one another; and from 
thence it may be nearly computed what time will be 

required for compleating the whole work. 

The manner of layjng the foundation in different 
depths of water, and in various ſoils, requires particu- 
lar methods to be followed: when the water is very 


deep, the Frencb throw in a great quantity of ſtones at i 
random, ſo as to form a much larger baſe than would ar 
be required upon dry land; this they continue to within or 
3 or 4 feet of the ſurface of the water, where they lay ot] 
the ſtones in a regular manner, till the foundation is cre 


raiſcd above the water; they then Jay a great weight the 
of ſtones upon it, and let it ſtand. during the winter to bur 
ſettle, as -hkewiſe to ſee whether it is firm, and reſiſts I 
the force of the waves and winds; after that they 
finiſh the ſuper · ſtructure with large ſtones in the uſual 
manner. NET 1997-47 of 

As this method requires a great quantity of ſtones, 
it can pe practiſed but in few places where ſtones are 
in plenty; and therefore the following one is much 
preferable. A coffer is made with dove-tail-piles of 
about 30 yards long, and as wide as the thickneſs of 
the foundation is to be; then the ground is dug and 
levelled in the manner deſcribed in the laſt ſection; 
and the wall is built with Beton mortar, as has been deſ- 
cribed in the ſame ſection. ls | ; 
As ſoon as the mortar is tolerably dry, thoſe piles 
at the end of the wall are drawn out, the:ſide rows are 
continued to about 30 yards farther, and the end in- 
cloſed, then the foundation is cleared, and the ſtones 
laid as before. But it muſt be obſerved, that the end 
of the foundation finiſhed is left rough, in order that 
the part next to it may incorporate with it in a prope 
manner; but if it is not very dry it will incline that 


way 
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way of itſelf, and bind with the mortar that is thrown ' 
in next to it ; this method is continued till the whole 
pier is entirely finiſhed. ' ' © „ ne 
It muſt likewiſe be obſerved, that the piers are not 
made of one continued folid wall; becaufe in deep 
water it would be too expenſive ; for which reaſon, 
two walls are built parallel to each other, and the in- 
terval between them is filled up with fhingle, chalk, 
and ſtone: As theſe walls are in danger of being thruſt 
out or overſet, by the corps in the middle, together 
with the great weight laid at times on the pier, they 
are tied or bound together by croſs-walls at every 30 
or 40 yards diſtance, by which they will ſupport each 
other in a firm and ſtrong manner. For want of theſe 
croſs-walls it has happened not many years ago, that 


the walls of a work were overſet for the ſpice of ſome 
hundred yards. | T7 IS »of 


„ 1 „ _ 


& ©, © << 4 © 


If the foundation be bad to a great depth, I would 
ſink it only about 4 feet below the bed of the rigors, 
and lay a ſtrong grate of timber, as in thoſe of the” 
piers of a bridge; but if it ſhould be rocky, a coffer 
muſt be made without a bottom, and the under part 
cut nearly with the fame rifings and fallings, according 
to the manner mentioned in the laſt ſection.. 21 

In a country where there is a great plenty of ſtones, 
piles may be driven in as deep as they will go, at about 
two or three feet diſtance, and when the foundation is 
lunk and levelled, large ſtones may be let down, which 

T2 will 
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will bed themſelves; but care muſt be taken to lay 
them cloſe, and ſo as to have no two joints over eac 
other; and when the wall is come within reach, the 
| ſtones muſt be crampt together. . 
| Another method practiſed, is to build in coffers much 


{ 

c 

t 
after the ſame manner as has been done in building the y 
Piers of Weſtminfter-bridge ; but as in this caſe the ends 0 
of the coffers are left in the wall, and prevent their p 
Joining ſo well as to be water-tight, the water that pe- al 
netrates through and enters into the corps, may occa- 
ſion the wall to burſt and to tumble down. Another h 


inconveniency ariſing from this manner of dien ſt 
that as there are but few places without worms, which Cc 
will deſtroy wood wherever they can find it; by their to 
means the water is let into the pier, and - conſequently la 
makes the work liable to the ſame accident as has, been br 


mentioned above. », 

To prevent the inconveniencies of this method, I 
would take the wood away, and joggle the ends of the 
walls together with large ſtones, and pour terraſs mor- 
tar into the joints ; when this is done, the water between 
the two walls may be pumpt out, and the void ſpace 
filled up with ſtone and ſhingle as uſual: or if theſe 
joggles cannot be made warer-tight; ſome dove: tail 
Piles muſt be driven at each end as cloſe to the wall as 
can be done, and a ſtrong ſail- cloth put on the outſide 
of them, which, when the water is pumpt out, will 
ſtick ſo cloſe to the piles and wall, that no water can 
come in. This method is commonly uſed in Ruſſa, 
as I have been informed. 

Plate XXV. In order to underſtand clearly the me- 
thod of building piers, we have given the plan and 
ſection of one of the walls, in the firſt figure, ſuch as 
had been propoſed for incloſing a harbour, upon 4 
chalky foundation ; the water is but 6 feet high when 
loweſt, and riſes to 24 when the tide is in, The man- 
ner propoſed for building the piers, was to dig the foun- 


dation about two feet deep, which is ſufficient for ſuch 
Aa grou 
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a — and to ſink large blocks of ſtone of about 
3 feet high, which could have eaſily been crampt toge - 
ther at 3 or 4 feet under water; then to lay another 
courſe of large ſtones over the firſt, and to cramp 
them as before; the ſame thing was to be done, till the 
wall was carried about two feet above low - water mark: 
or if this method of laying the foundation was not ap- 
5 of, to lay it in coffers in the manner mentioned 
ve. | 
It was ſaid, that the funds allowed for building the 
harbour were not ſufficient to make the piers entirely of 
ſtone; far which reaſon, the reſt was to have been 
continued with hard bricks, ſuch as are called clinkers, 
to about 8 feet high, then a courſe of ſtones was to be 
laid of a foot high and crampt together; after this 
bricks were to be laid again to the ſame height as be- 
fore, and then another courſe of ſtone, this was to have 
been continued quite up to the entire completion of the 
pier, | 
The ftane foundation being 8 feet hi 
two feet under cha. bed of the water to low - water mark; 
and from thence to the top being 23 feet; therefore the 
inſide wall is five feet higher than high- water mark ; 
and as the outſide wall has a parapet of 5 feet high, and 
3 or 4 thick; this wall is ten feet higher than the wa- 
ter when the tide is in z which height was thought ne- 
ceſlary, in order to cover the » ſtanding there, 
irom the water, becauſe the waves riſe, very bighiothar 
place, at certain times of the year. 
The walls were to be 28 feet diſtant from each other, 
ive feet thick above, and the baſe of the flope one fifth 
of the height z which would have made the thickneſs of 
the piers 34 feet above, beſides. the parapet, which 
takes up 4, and go near the bottom of the water. At 
every 30 feet diſtance was to be made a croſs or tie-wall, 
of three feet thick, to bind the two walls together; this 
diſtance may be greater near the ſhore, where the waves 
have not ſo great a force as farther from itz and 
to 
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to ſave trouble as well as expences, theſe croſs- walls 
were to be built with low arches upon piers of four 
feet long, beginning at low-water mark, as may be 
ſeen in the plan and ſection. 5 1 
The thickneſs of a pier depends on two conſidera- 
tions, it ought to be both ſuch as may be able to reſiſt 
the ſhock ot the waves in ſtormy weather, and alſo to 
be of a ſufficient breadth above, that ſnips may be laden 
or unladen whenever it is thought neceſſary. Now 
becauſe the ſpecific gravity of / ſea-water is about one 
half that of brick, and as 2 to 3 in compariſon of 
ſtone, and ſince the preſſure of ſtagnated water againſt 
any ſutface is equal to the weight of a priſm of water 
whoſe altitude is the dongth of that. ſurface; and whoſe 
baſe is a right angled iſoſceles triangle, each of the 
equal ſides being equal to the depth of the water; there- 
fore a pier built with bricks, whoſe thickneſs is equal 
to the depth of the water, will weigh about four times 
as much as the preſſure of water againſt it: and one of 
ſtone of the ſame breadth, about 6 times and à quatter 
as much. Now this is not the force to be conſidered, 
ſince this preſſure is the ſame within as without the 
pier; but it is xhat force with which the waves ſtrike 
againſt the piers; and that depends on the weight and 
velocity of the waves, which can hardly be determined; 
becauſe they vary according to the different depths of 
water, the diſtance! from the ſhore, and according to 
the tides, ' winds, and other cauſes: - Conſequently 'the 
proper thickneſs of the piers cannot be determined by 
any other means than by experience! '' "© 
Practitioners ſuppoſe, that if the thickneſs of pier 
is equal to the deptk of the water, it is ſufficient; but 
for a greater ſecurity” they allow 23 3, or 4 feet more; 
this might probably do, if piers were built with ſolid 
ſtones crampt together; but as this is hardly ever the 
caſe, and on the contrary, as the dnſide is filled up 
with ſhingle, chalk, or other looſe materials, their 
rule is not to be depended upon: beſides it makes the 
. 
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ſpace above too narrow, for lading and unlading the 
ſhips, unleſs. in a great depth of water; fo that it does 
not appear that their method can be followed excepting 
in a very few caſes where the water has but very little 
motion F | | 
The reader will, eaſily perceive, that the plan and 
ſection repreſented in this plate, may ſerve for a pier 
built either of all ſtone or all brick, or elſe with both 
mixt together; by obſerving only ta make the walls 
ſomething ſtronger when they are made with bricks, 
than when of ſtone. When ſtone can be had, no other 
materials ſnould be uſed, becauſe they being of a larger 
bulk than brick, will reſiſt better the waves by their 
own weight, till ſuch time as the mortar is grown hard : 
ſor after this is effected, brick will reſiſt better againſt 
the action of ſea · water than ſoft ſtones. r! 
The wall myſt be built with terraſs mortar from the i 
bottom to the height of low-water mark, and the: reft 
finiſhed with cinder or tile-duſt mortar, which has been 
found ſufficiently good in thoſe places where the wall is 
wet and dry alternately. The upper part of the pier 
ſhould be paved with flat hewn ſtones laid in ſtrong 
mortar," in order to prevent any water from penetrating 
into the pier: iron rings ought alſo to be fixed here 
and there at proper diſtances, to faſten the ſhips, and 
prevent them from ſtriking againſt: the pier hen agi- 
tated by the waves. e437 $31 2 020097 200 
At the mouth of the harbour the piers ſhould be ter- 
minated with plat-forms, or forts,” to place guns there, 
in order to defend the entrance, in caſe of neceſſity, 
Sometimes piers are built ſo large as to place ſtore- 
houſes upon them, eſpecially in ſea-port towns, where 
fleets are fittedt out: this has been done at Town, 
about the harbour of the royal navy, whereby the. ſhips 
are covered from the wind, as well as from being ſeen 
from without; ſo that a fleet may be fitted out in a 
r 1 nnd novels 20 A945 238 
| ait b Wooden 
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Wooden fenders, or piles ſhould be driven at the in- 
fide cloſe to the wall, and crampt to it with iron, to 
prevent the ſhips from touching them, and from being 
worn by their continual motion. Where the ſea breaks 
| againſt the piers with great violence, breakers ſhould: 
be made at proper diſtances ;z that is, two rows of piles 
are driven nearly at right angles to the piers for the 
length of about 12 or 15 feet, and at about eight or 
ten feet diſtant from each other; and then another to 
join the two former; theſe piles being covered with 
planks, and the inſide being filled with ſhingle, and 
ruble-ſtones, then the top is paved with ſtones of about 
a foot in length, ſet long - ways to prevent the waves 
from tearing them up. This precaution is abſolutely 
neceſſary where the water ruſhes in very ſtrongly. 

The ſection repreſented here, contains 1035.6 cubic 
feet of maſonry, for every foot in length, — 834 cu- 
bic feet of rubbih or ſhingle to fill up the inſide; fo 
that knowing the length of the piers, and the price of 
the materials, and workmanſhip, the whole expence for 
building the piers will be eaſily known; barring acci- 
dents, which unuvoilably will happen in all works of 
this kind, and for which the French generally allow 
one ſixth part of the expences computed. | 

When it happens tha! ſtones are not to be had, with- 
out great expence, or the importance of the harbour 
is not much ; then piers are built with timber, ſuch as 
that at Dover, and in many other places. The plan 
and ſection repreſented by the ſecond figure may in ſucha 
caſe be aptly applied; the breadth above of the ſection 
is 30 feet, the baſe of the ſlope of the outward piles 
one ſixth part of the height, which is here the ſame as 
in the former ſection, that is, 29 or 30 feet: the piles 
are about 14 inches ſquare, the croſs-beams @ from 10 
to 12, and the tie: beams b, 8 by 10. Theſe frames are 
from 12 to 15 feet diſtant from each other, and three 
Piles are to be driven between them, as may be ſeen by 
the plan; there are beſides two rows of ſhort piles = 
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each ſide of the pier, five feet diſtant from the long 
ones; and which reach no higher than low- water mark. 
The reaſon for driving theſe ſhort piles is, that being 
always under water they will not decay, and nothing 
will hurt them, excepting worms z ſo that when 
long ones, which are expoſed to wet and dry, are 
cayed, the foundation remains ſound and firm; 
which means it will be eaſy to repair that part of 
pier above low-water mark, whenever there is any 
caſion for it. And to ſecure the foundation ſtill better, 


the 
by 
the 
OC 


dove- tail piles of about 6 inches thick, are to be driven 
all round, and ſtrongly faſtened together with timbers, 


2 to receive the heads, and others on the out- 
e. 

The ſides of the piers are to be covered with 
oaken planks of about 4 or 5 inches thick, faſtened to 
the tie-beams 3, with wooden trunnels; or elſe, theſe 
planks may be placed on the inſide of the tie-beams 5, 
which, in my opinion, is better, becauſe the preſſure of 
the ſhingle and ruble-ſtones with which the inſide of the 
pier is filled, will not be able to looſen theſe planks, as 
it might do, when they are faſtened on the outſide. 

It is ſaid, that when the planks are faſtened on the 
inſide, they cannot be eaſily repaired when there is oc- 
caſion for it; but this objection is inconſiderable, in re- 
- to the advantage ariſing from this poſition ; for 
the rotten plank being taken away, a new one may ea- 
ily be ſlipp'd into it's place, between the tie-beams 5, 
and the ſhingle: and if they cannot be faſtened with 
wooden trunnels, it may be done with iron nails. The 
planks muſt reach about 4 feet above the upper furface 
of the pier, and be ſecured with proper timbers, ſo as 
to form a kind of parapet on each fide, in order to pre- 
vent the people, ſtanding there, from being wetted by 
the waves in ſtormy weather. | 

This frame is the moſt ſimple, and the moſt natural 
that we could think of; and yet as ſtrong, in my opi- 
nion, as can be deſired to reſiſt the action of the * 

et 
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let them be ever l great: it is true, that moſt of the 
Workmen will think it inſufficient,” as having no bracts, 
of which they are ſo fond, that they think no work 
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well ſecured: without them; but as 1 do not efteen 
them neceſſary, I have omitted them here, 
In thoſe wooden piers I have ſeen, there «ho 


| baſe made with ſhort piles, ſuch as are repreſented in 
the ſecond figure 3 for the long piles reached from 


top to the bottom, and no dovetail piles were dijven, 
to ſecure the foundation, as far as I could find; bur 
ſince ſuch works ought to be made in the moſt ſecure 
manner, and ſo as not to want continual repdiringg 
would adviſe the directors of them, to conſider 
the nature of the ſituation, as well as the importante bf } 
the harbour, before they form a ſcheme for building 
the piers. | * hw 
What has been ſaid here in regard to the building of N 


piers for harbours will equally ſerve for that of quays, Ad 


all other works made in water; it muſt only be obler- 
ved, that as quays are often loaded with very great 
weights, the wall muſt be made much ſtronger 'than 
thoſe of ramparts, which ſupport the preſſure of canth 
only. But to give ſome rule whereby the reader may 
be directed, I imagine that, if the thickneſs be treble 
that of the wall of a rampart of the ſame height, it ll 
be ſufficient : thus if the height of the quay be 10 
and the baſe of the flope one ſixth of the heights, 
trebling the height 1.5 feet, found in table the f 
for the thickneſs above of a wall'of the ſame height, 
we get 4.5 feet for the thickneſs above of the ſaid wall. 
To ſecure theſe walls yet better, piles are driven on'the 
inſide about 20 feet diſtant from the wall,” and about 
15 feet from each other; the heads of which are tenor · 
ed into a beam, and others being laid acroſs are let in- 
to this beam at one end, and at the other gol 
through the wall are fixed to the fenders on the ourlide 
with iron ſtraps bolted into theſe beams. 2 
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_ Of SLuices and AQUEDUCTS: 


Lu1czs ate made for various purpoſes ; ſuch as to 
8 make rivers navigable ; to join one river to ano- 
ther, which is higher or lower, by means of a canal; 
to raiſe inundations' upon particular occaſions, or-to 
drain ſpots of ground that are overflown by high tides: 
they are alſo made in fortreſſes, to keep. up the water 
in one part of the ditches whilſt the other is dry; and 
to raiſe an inundation about the place when there is 
any appxehenſion of being attacked. 1 „. 

Sluices are made different ways, according to the 
uſes they are intended for; when they ſerve for navi- 
gation, they are ſhut with two gates preſenting an an- 
gle towards the ſtream z when they are made near the 
ſea two pair of gates are made, the one to keep the 
water out and the other in, according as occaſion re- 
quires; in this caſe, the gates towards the fea: preſent. 
an angle that -way, and 'the others the contrary way ; 
the ſpace incloſed by theſe gates is called chamber. 

When ſluices are made in the ditches of a fortreſs to 
keep up the water in ſome parts, inſtead of gates, 
ſhutters are made, ſo as to ſlide up and down in 
grooves; and when they are made to raiſe an inunda- 
tion; they are then ſhut by means of ſquare timbers; 

down into culliſes, ſo as to lie cloſe and firm. 

Particular care muſt be taken in, the building of a 
ſluice, to lay the foundation in the ſecureſt manner that is 
Poſſible ; to lay the timber grates and floors in ſuch a 
manner that the water cannot penetrate through any 
part, otherwiſe it will undermine the work, and blow 
IC up, as it has ſometimes happened: Laſtly, to make 

gates of a proper ſtrength, in order to ſupport the 

: ig sev aun . | preſſure: 
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ure of the water, and yet to uſe no more timber 
than what is neceſſary. ö 

As a general conſtruction is much preferable to parti. 
cular ones, we ſhall follow the example of Mr. Belidor, 
who is the firſt that gave one for ſluices; but before 
this can be done, it is neceſſary to know its width, and 
the depth of water it is to contain, and from thence the 
dimenſions of the ſeveral parts are determined, as will 
be ſhewn hereafter. 

When ſluices are made in a canal, or navigable river, 
their width will be known from the ſize of the veſſels 
that are to paſs through them, as well as the depth of 
water they require; when they are made in a. fortreſs 
to pen up the water in one part, and to keep the other 
dry, their width is determined by the quantity of watet 
that is to paſs through them in a certain time: When 
they are near the ſea, or a river where there is a tide, 
and they are to keep up the water at a certain height; 
their width and depth are alſo determined from the na- 
ture of the ſituation; and in general, the width and 
depth of a ſluice is always known from its ſituation, 
and the uſe it is intended for. 

This being premiſed, we ſhall give a general con- 
ſtruction of a great ſluice with two pair of gates, in 
ſuch a manner as to be applicable to any particular caſe, 
provided a proper allowance be made for the va- 
rious circumſtances that may happen, in regard to 
their uſe and ſituations, which may change ſome of the 
parts, as ſnall be mentioned in its proper place. 


To conſtruct᷑ the PLAN of a SLUICE. 


Plate XXVI. Suppoſe half the width OC to be di- 
vided into ſix equal parts, or the whole into twelve; 
theſe parts ſerve for a ſcale, whereby the dimenſions of 
the work are determined: through the point O, drav 
the line A B at right angles to OC; take OB on one 
ſide of the point O equal to 3o of theſe parts, or which 
is the ſame, equal to two widths and a quarter; 
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the points A, B, draw the lines AR, AS at right an- 
gles to AB; let the. lines paſſing through the point 


C, and parallel to AB, meet theſe laſt lines in M, Q; 


then if MN, PQ be taken each equal to 9 parts, and 
each of the lines MR, QS equal to 6, the lines NR 
and PS will determine the wings of the fluice, and 
NP the body. If the lines AR, BS be produced ſo 
as the parts RV, ST are each 6; they will determine 
the faces. 

The part A B of the length exceeds the other part 
O A by one fourth of the width, becauſe we ſuppoſe 
a turning bridge is to be placed on that fide for a com- 
munication from one ſide of the ſluice to the other; 
bur when there is no occaſion for ſuch'a bridge, OB is 
made no longer than OA; and then the total length 
will be but-four times and a half the width, which 1s 
eſteemed by Mr. Belidor the beſt length that can be 
given to a great ſluice. | 

To determine the chamber and the omen of the 
gates, take OD, OL, each equal to four parts, and 
draw the lines DG, LH parallel to OC; then if the 
lines GK, HI be drawn ſo as to make the angles 
DGK, L HI, eich of 35 degrees, and 16 minutes, 
that poſition will be the beſt that can be given, by 
art. 566 of our Elements of Mathematics, or becauſe a 
linear conſtruction is preferable'to that by angles; the 
poſition of the lines GK, HI, is determined in the 
ſame manner as the line AE in fig. 7, plate the fifth, 
page 9o, of this work. 

The cavities z, y, are a foot each way in __ fluices, 
and but ꝗ inches in middling ones; they ſerve for letting 
down ſquare timbers to form a batardeau on each fide, 
in caſe the gates or floor want to be repaired. 

The receſſes Ga, H& in the wall, are made to re- 
ceive the gates when open, and are of ſuch a depth 
that they may be fluſh with the wall, and not make 
that part narrower than the reſt of the ſluice. 
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The thickneſs of the wall from N to P is equal to 
four fifths of the depth of water, the parts RN, PS, 

three fifths, and at V, T two fifths. The counterfort 
W, is determined by producing the lines LH, D G, 
and projects beyond the wall by one fourth of the 
width of the ſluice. 


OBSERVATIONS on this CONSTRUCTION. 


As we differ in ſome parts of our conſtruction from 
that given by Mr. Belidor, it will not be improper to 
acquaint the reader with the reaſons that have induced 
us todo ſo. Firſt, We made the length LD, equal to 
8 parts inſtead of 7, to avoid a ſubdiviſion of parts; the 
difference of one part being immaterial. 2. According 
to our conſtruction, the length G K of the gates comes 
out to be 7.34 parts nearly ; and as Mr. Belidor makes 
the lines D K one fifth of the width, the length of his 
gates is 6.46 parts nearly ; but as our conſtruction gives 
the moſt advantageous poſition, and that of Mr. Belidor's 
depends on no ſubſtantial reaſons, we imagine that the 
diſpoſition here given is preferable to his: It is true, 
he has endeavoured to prove that his poſition is that 
which the gates ought to have, but all his reaſoning is 
grounded upon wrong ſuppoſitions; beſides as the length 
of our gates does not differ above 38 inches in the 
largeſt ſluice that is made, from the length he gives, 
we imagine that this difference is more than recom- 
penced by the true poſition. 3. Mr. Belidor makes 
the lines MR, QS, 7 parts inſtead of 6, which differ- 
ence is very little. 

As to the thickneſs of the ſide-walls, Mr. Belidor 
makes it equal to the depth of water in the ſluice, in 
order, as he ſays, that they may be ſo ſtrong as to re- 
ſiſt in all accidents that can happen; beſides, he adds 
five counterforts on each ſide, their length is equal to 
the thickneſs of the wall, and the mean thickneſs five 


eighths of their length, : 
b 
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It is certain, that in conſtructing ſuch works as theſe, 
particular care ſhould be taken to make them ſtrong 
and durable, yet it ought to be conſidered, that by 
making uſe of more maſonry than is neceſſary, it en- 
creaſes the expences conſiderably, and therefore all ex- 
ceſſes ſhould be avoided. 

Now the proper thickneſs of theſe walls may be de- 
termined in the ſame manner as that of thoſe which 
ſupport earth, by comparing the ſpecific gravity of wa- 
ter to that of ſtone or brick ; but it muſt be obſerved, 
that the triangular ſection of water has its baſe at the 
bottom inſtead of being above, as in the ſection of 
earth : by this method it will be found, that if the 
thickneſs of a ſtone wall be four fifths of the depth of 
the water, as we have made it, it will be able to ſupport 
a preſſure four times greater than that of the water; 
which in my opinion is ſufficient upon all occaſions 
whatſoever: but when the wall is made of brick, its 
thickneſs muſt be equal to the depth of water, in order 
to have the ſame ſtrength. 

Hence it will be found, that the quantity of maſon- 
ry contained in a ſluice, according to our conſtruction, 
is to the quantity according to Mr. Belidor's, as 542 to 
723, or as 3 to 4 nearly; therefore, if one fourth of 
the maſonry can be ſaved, as it appears by what has 
been ſaid, without making the walls too weak, the 
method we propoſe has greatly the advantage of thit 
given by Mr. Belidor. 

It may be obſerved, that the walls have been ſup- 
poſed to have no ſlope, but in practice they have, or 
ougkt to have one on the outſide, and as there is likewiſe 
the preſſure of the earth, which helps to ſupport the 
wall; by theſe means its reſiſtance is ſtill greater than 
we have ſuppoſed it to be. 

It muſt alſo be obſerved, that as the width of the 
luice is divided into as many parts as there are inches 
in a foot; each part will be as many inches as the 
width is feet; fo that when the width of a ſluice is 
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given in feet, the value of each part is known; thus 
if the ſluice is to be 42 feet wide, each part will be 42 
inches, or 3 feet 6 inches, and ſo in any other caſe, 

When a ſluice is built in a place where a great quan- 
tity of water is to paſs, two or more paſſages are to be 
made; that is, two or more ſluices are built at the ſide 
of each other ; theſe paſſages have ſometimes the ſame 
width, and at others not, according to the circum- 
ſtances that render them more uſeful one way than 
another. | 

Whence in a ſluice that ſerves to form an inundation, 
or to keep up water, theſe paſſages are made of an 
equal width; but in canals and large rivers that ſerve 
for navigation, the one is made ſo wide as that large 
veſſels may go through it, and the other ſerves for 
ſmaller veſſels. This has been done in the canal at 
Mardick, where the largeſt is 44 feet, and of conſe- 
quence wide enough for the ſecond rate of men of war 
to paſs through it, and the other is 24 feet, which 
ſerves for ſmaller veſſels. 


Of the T1MBER-GRATES ander the FLOOR and 
FoUuNDATION, 


If the foundation be bad, we ſuppoſe piles to be 
driven under the croſſings of the ſleepers m, and the 
tie-beams u, in the manner mentioned in the ſeventh 
ſection of the third part; and to prevent the water 
from getting under the foundation, ſix rows of dove- 
tail piles are driven, viz. one at each end, one at each 
of the angles N, P, marked p, and one on each ſide of 
the chamber; and it muſt be obſerved, that excepting 
thoſe at the angles N, P, the reſt are all driven between 
two ſleepers, in order to keep them tight and cloſe to- 
gether. The ſleepers and tie- beams are partly let into 
each other, and bolted together; but before this is done, 
the looſe earth is removed from between the fleepers for 
about two or three feet deep, and filled up Oy ma- 
| onry 
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ſonry before the tie - beams are laid: this maſonry is car- 
ried on ſo, as that when a bed of mortar is laid over it, 
it may be even with the upper ſurface of the ſleepers; 
then the inſide of the ſluice is covered with a floor of 
three inch thick oaken planks, laid long - ways, and nailed 
to the ſleepers; this floor extends a few inches on each 
ſide over the foundation of the ſide- walls, to prevent the 
water from penetrating through the edges of the floor. 

Bricks are uſed preferably to ſmall ſtones, to fill up 
the parts between the grating, as lying much cloſer, 
and filling up every part exactly; they are laid in ter- 
raſs mortar as well as the reſt of the foundation. This 
being done, the frames made to ſupport the gates at 
the bottom, are laid in their proper places, which are 
compoſed of a fell r, two hurters 5s, two braces v, 
and a tong 7. The ſell enters about three feet into 
the ſide-walls, and the ſockets to receive the pivots 
of the gates are placed in it ; the tong ought to be ſo 
long as to — three ſleepers, to which it is faſtened 
in a ſtrong manner. The ſell, tong, and the hur- 
ters, ought to have the ſame dimenſions, and their 
height muſt be ſuch as to be a foot above the laſt floor 
of the ſluice, as well as the floor of the chamber; for 
which reaſon, the piles under the chamber are left a 
foot higher than the reſt, 

After this another row of ſleepers is laid exactly over 
the firſt, and a row of tie-beams, ſo as to anſwer like - 
wile thoſe underneath z which being let into one ano- 
ther, and bolted together as before, and the vacancies 
between them being filled up with maſonry, and a bed 
of mortar laid over it, ſo as to be even with the upper 
ſurface of the ſleepers ; then a ſecond floor is laid, of the 
lame dimenſions and extent with the former ; and when 
this is done, the ſide walls are built in the manner 
which will be mentioned preſently. 

Upon the ſecond floor is laid another of two inch 
thick planks only, which does not enter the wall, in 
order that it may be repaired when it is wanted, This 
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laſt floor may be made of yellow deal, and its ſeams 
muſt be well caulked to prevent the water from pene- 
trating through them. 

The walls muſt be made about three feet higher than 
the greateſt depth of water, to prevent the waves from 
paſſing over them ; the facings are made with the lar- 
geſt ſtretchers and headers that can be had, laid in ter- 
raſs mortar, and crampt together; the reſt of the work 
is done with good common mortar. 

The foundation muſt be made larger than the wall, 
and in proportion to the weight it is to ſupport, and 
the top muſt be covered with large flat ſtones or bricks 
ſet long-ways laid in terraſs mortar, to prevent the water 
from penetrating into the maſonry, which otherwiſe 
would deſtroy it in a ſhort time. 

When the wall is finiſhed, a bed of clay is rammed 
againſt it of two feet thick all round the outſide, be- 
ginning as low as the foundation, and raiſed as high as 
the wall, 

To prevent the water from carrying, off the earth by 
its fall, at the ends of the ſluice a falſe floor of faſcines 
is made of as many fathoms long as the water in the 
Nuice is feet high; this bed or falſe floor is ſunk into 
the ground as far as is found neceſſary ;” but firſt of 
all a bed of clay is laid, and well rammed, then beds 
of faſcines are laid long-ways, and faſtened with pic- 
kets ; when. the faſcines are nearly level with the floor 
of the ſluice, pickets are driven acroſs in rows three 
feet diſtant from each other, reaching a little above the 
faſcines, and about each row two branches or poles are 
twiſted of about an inch diameter, ſo as to croſs each 
other between the pickets, which being beat down 
with a mallet, will keep the faſcines very cloſe and tight 
together ; the cavities between theſe rows of pickets 
and branches are filled up with a pavement of hard 
ſtones a foot long, ſet long-ways, well beat down, fo 
as the current may not tear them open. K 

or 


Vater may run off clear, when the ſluice is laid dry, 


planks are joined to the frame; the ſhutters x, x, 
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For a greater ſecurity, a row of dove-tail piles is 
driven at each end; and it may be obſerved, that both 
floors muſt have a gradual deſcent from the chamber 
of about a 48th part of the length, in order that the 


and any repairs are wanted to be made. 
Aqueducts are ſometimes made in the ſide- walls 
going round the chamber, and coming out before the 
gates, in order that the water may paſs upon occaſion 
rom one ſide of the ſluice to the other, without being 
obliged to open the gates; they have a ſhutter near 
each end, that ſlides in grooves, which are drawn up, 
or let down, when there is occaſion for it. But as wick- 
ets are commonly made in the gates, which may ſerve 
for the ſame purpoſe, unleſs on ſome occaſion where 
the chamber is required to be left dry, and yet it is abſo- 
lutely neceſſary that the water ſhould paſs from one 
ſide to the other ; we have therefore not marked them 
in the plan, but they may eaſily be made whenever 
it is thought proper. 
The croſs- ſection ſhews the poſition of a row of piles, 
and the ſleepers above them into which they are tenon- 
ed; the ſections of the tie- beams; the floor between 
them; the ſell, and the two floors above it; there 
is alſo ſeen a row of dove- tail piles, broken off in the 
middle, in order to ſee part of the maſonry a, a, be- 
ween the piles and under the ſleepers. The outſide of 
the gates are likewiſe ſeen in this ſection; how the 


and the irons both of the gate and ſhutters, In the 
conſtruction of gates, particular care ſhould be taken, 
to join the ſeveral pieces together in ſuch a manner, 
that the whole frame may be as ſtrong as poſſible, and 
not to make them heavier than needs muſt be, to pre- 
vent their ſinking, which is not eaſily done in large 
ſluices; nor yet too weak, for fear of their not being 
able to ſuſtain the great preſſure which is againſt them. 
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The principal frame of a gate conſiſts of two ſtiles 
or uprights; that which is next to the wall and to 
which the pivots are fixed, is called the pivot - poſt, and 
the other the chamfered ſtile, from being edged off on 
the inſide, ſo as to make a plain joint with the other 
gate : theſe two ſtiles are joined by two rails which are 
tenoned into them. The other pieces, which are not 
ſeen in this ſection, but ſerve toſtrengthen the gate, con- 
ſiſts of ſeveral rails placed not nearer to each other than 
inches, nor farther than 303 and of ſeveral braces which 24 
form the ſame angle with the pivot - poſt as the joints 
of the planks on the outſide, and they are tenoned in- 
to the rails; laſtly, of two monians or ſhort uprights 
to form the wickets. 

As it is too nice a calculation to find the proper 
ſtrength of each piece in ſuch a manner as may be de- 
pended upon in practice, we ſhall give their dimen- 
ſions, ſuch as are inſerted in Mr, Bel:dor*s works, and 
which, he ſays, have been taken from thoſe moſt ap- 
proved of in practice. 

The pieces of the principal frame are generally made 
of the ſame dimenſions, though ſome will have the 
chamfered-ſtile lefs than the pivot-poſt, and the rails to 
diminiſh gradually; and others ſay that the gates ſhould 
be ſtronger below than above, on account that the, 
preſſure of the water is the greateſt there; but as the 
gates are ſupported below by the hurters, that diminu- 
tion ought rather to begin at about one third of the height 
diſtant from the bottom. However, we ſhall ſuppoſe 
the pieces of the principal frame to be of the ſame 
dimenſions, which are as follows. In all fluices from 
8 to 12 feet wide, the pieces of the principal frames are 
to be 8 inches thick, and 10 broad; the intermediate 
rails 6 by 8; the braces and monions 4 by 6 ; and the 
whole covered with two-inch thick planks as well as all 
the gates of ſluices under 37 feet wide. 

In fluices which are from 13 to 18 feet wide, the 
— of the principal frame are to be 10 by 12 inches; 


e intermediate rails 8 by 10; the braces and n_—_— 
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4 by 6. In ſluices from 19 to 24 feet wide, the pieces 
of the principal frame are to be 12 by 14 inches; the 
intermediate rails 10 by 12 ; the braces and monions 5 
by 7. In fluices from 25 to 30 feet wide; the pieces 
of the principal frame are to be 14 by 16; the inter- 
mediate rails 12 by 13; the braces and monions 6 by 
8. In ſluices from 31 to 36 feet wide; the pieces of 
the principal frame are to be 15 by 17 inches; the in- 
termediate rails 13 by 143 the braces and monions 7 
by g. It muſt be obſerved, that when the gates are 
very high, the middle rail is made of the ſame dimen- 
ſions as thoſe in the principal frame. 

In all ſluices from 37 to 42 feet wide, the pieces of 
the principal frame are to be 16 by 18 inches; the in- 
termediate rails 14 by 16; the braces and monions 7 
by 9; and covered by planks of two inches and a half 
thick; or rather with two rows of planks of that thick- 
neſs, in order that the ſeams of the under row may be 
covered by the upper one. Laſtly, in all ſluices which 
are from 42 to 48 feet wide, the pieces of the principal 
frame are to be 18 by 20 inches; the intermediate 
rails 15 by 18; the braces and monions 8 by 10; co- 
aa planks of two inches and a halt thick as be- 
ore. 

It may be obſerved, that theſe dimenſions depend 
on the width of the ſluice only; the depth of the water 
has not been conſidered, though it ſhould have been 
done; ſince the greater that depth is, the preſſure is 
likewiſe the greater, when the reſt is the ſame; con- 
ſequently the dimenſions here given muſt be increaſed 
in great depths, and diminiſhed in ſmall ones. 

As to the number and ſtrength of the irons in the 
gates of a ſluice, they ought to be in proportion to the 
largeneſs and weight of the frame ; the principal ones 
in ſmall ſluices are reduced to two ſtraps, which ſerve 
to bind the under and upper rails to the pivot-poſt, 
which they embrace on both ſides; they are let into 
the wood, ſo as to be even with the ſurface of the gate, 
and faſtened with 5 or 6 iron bolts riveted with burrs, 
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or with rings and keys; theſe ſtraps ought to be about 
one third of the width of the gate. Sometimes the 
chamfered-ſtile is bound to the rails above and below, 
with ſtrait ſtraps like the former, but oftener with bent 
ones, ſuch as are repreſented in the ſection, one on each 
ſide, bolted together in the ſame manner as the former. 
When the gates belong to a large ſluice which con- 
tains a great depth of water, the middle rail is likewiſe 
bound to the pivot-poſt, and the chamfered- ſtile by two 
ſtraps in the form of a T, both within and without, 
bolted together as before ; and when the gates are very 
large, two ſtraps are uſed to faſten the upper rail to the 
Pivot-poſt, becauſe the greateſt ſtreſs lies in that part; 
and to ſecure it ſtill more, another ſtrap is bolted upon 
the edge of the upper rail, and bent againſt the pivot- 
poſt ; this laſt ſtrap is of greater uſe to keep the gate 
from ſinking than any other, for which reaſon, it is 

ſeldom omitted, whether the gates be ſmall or large. 
The various contrivances that are made to open and 
ſhut the gates, require ſome notice to be taken of 
them; but as in ſo ſmall a work as this, it is not poſſi- 
ble to give a compleat deſcription of every particular 
part ; they therefore muſt be left to the ſagacity and 
prudence of the builder. It muſt be obſerved, that as 
the wickets are made to let the water into the chamber 
before the gates are opened, in order to eaſe them from 
the great preſſure of the water on the outſide ; there 
ſeems to be no reaſon for placing them ſo low, nor ſo far 
from the pivot-poſt as is commonly done ; for provided 
they are low enough to let in ſo much water as will rife 
to the ſame level within as it is without, it will be ſuffi- 
cient; conſequently the lower part of the wickets 
ſhould never be below the middle height of the water 
without, whereby the weight of the irons will be dimi- 
niſned. And the nearer the wickets are to the pivot- 
poſts, the leſs. the preſſure would be upon the gates, 
when the wickets are to be opened; beſides, all poſſible 
means ſhould be uſed, to lighten the farther end of the 
4 : gates, 
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gates, to prevent their ſinking, which they will do ne- 
vertheleſs, eſpecially when they are large: this how- 
ever may be remedied, by placing braſs- caſters under 
them, at about two thirds of their width from the pi- 
vot-poſt ; but then a piece of timber muſt be placed 
upon the floor, of a circular form, for the roller or 
caſter to move upon. : 
Sometimes the gates of large ſluices are made in the 
form of a part of a cylindric ſurface, whoſe baſe is a 
twelfth part of a circle ; this is done in view to ſtrength- 
en the gates againſt the preſſure of the water; in ſuch a 
caſe the curve of the rails muſt be natural, and ac- 
cording to the grain of the wood, otherwiſe the gates 
will become weaker, inſtead of being ſtronger ; ſince a 
ſcantling cut acroſs the grain of the wood will always 
be weaker than any other of the ſame dimenſions, and 
the ſame kind of timber. , 
Various methods are uſed to ſhut ſluices under twen- 
ty four feet wide: in ſluices from ten to fifteen feet 
wide, a ſingle gate is made, which is ſometimes 
opened by means of a capſtane; at others the upper 
rail of the gate is made ſo as to go beyond the 
pivot-poſt, and from thence made much thicker and 
heavier, to be a kind of a counter-balance to the gate; 
the end of which being preſſed downwards by ſeveral 
people, and then turned round, opens the gate eaſily. 
Sometimes ſingle gates are uſed of a much larger ſize 
than the former ; theſe gates have their pivot-poſt near- 
ly in the middle; ſo that the largeſt part of it turns to- 
wards the ſtream when the gate is to be opened, and 
the leaſt the contrary way. The pivot-poſt muſt be 
placed in ſuch a manner, that the preſſure of the water 
againſt the largeſt part may keep the gate ſhut cloſe, 
and at the ſame time that there may not be too great 
difficulty to open it. It has been found by experience, 
that when the preſſure againſt the largeſt part exceeds 
that againſt the leſſer, by one ſixth part, it is ſufficient ; 
Whence it is eaſily proved from the known 
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of hydroſtatics, that if the width of the ſmalleſt part is 
to the width of the largeſt, in the proportion of 12 to 
13, it will anſwer the ſaid proportion of the preſſure. 

Theſe gates are certainly the moſt convenient that can 
be; but as there muſt be laid a ſtrong timber acroſs the 
ſluice to ſupport the upper pivot, no veſſels that have 
maſts can pals through them; for which reaſon, they 
cannot be uſed but in ſluices that ſerve ta keep up the 
water for raiſing an inundation, or in thoſe that are 
built at the entrance of a canal, which runs into a har- 
bour, for the ſake of clearing and carrying away the 
ſand and ſhingle that have been driven in by the tides. 

Wickets have been made in this manner, and found 
very convenient; becauſe the great preſſure of the wa- 
ter againſt the common ſort, makes their opening very 
troubleſome z; whereas this fort are opened and ſhut 
with great caſe, and very little labour. 

Sometimes ſluices are made in fortreſſes at the fide of 
ſtone-bricges ; this is done by making the piers to 
project beyond the bridge, and in the projected part 
culliſes are contrived ſo as to let down ſquare timbers, 
which being kept cloſe and tight, the water may be 
raiied to any height: in ſhort, many other ſorts of 
ſluices are made upon various occaſions, which it 
would be inconvenient to mention in this work, 


Of Adurpuc rs. 


The intent of aqueducts is generally to bring water 
from a ſpring or river to a town, but they are likewiſe 
uſed to carry canals over low ground, and over brooks 
or ſmall rivers: they are built with arches like a bridge, 
only not fo wide, and are covered above by an arch to 
prevent duſt or dirt from being thrown into the water. 
The ancient Romans were remarkably curious in theſe 
ſorts of works, for they not only ſupplied all the parts 
of Rome with water for common uſes, but likewiſe for 
a great number of public baths ; and that nothing 


might be wanting, created a public magiſtrate, = 
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only buſineſs was to take care of them, either to repair 
thoſe already made, or to conſtruct new ones where 
they were wanted ; ſometimes the fame work ſerved for 
both a bridge and aqueduct; then the water was led 
through two covered canals, one on each fide of the 
road for carriages. 

As theſe kinds of aqueducts differ very little in their 
conſtruction from common bridges, of which we have 
treated before, we ſhall not enter into any particulars 
here concerning them ; but when a canal is to paſs 
through a country croſſed by rivers, it muſt be obſer- 
ved how high, in reſpect to the bottom of the canal, 
the water riſes at the time of its greateſt flood, in order 
to know whether theſe waters can be carried under the 
bottom of the canal by means of aqueducts, and have 
yet a ſufficient declivity to run off. 

The ſame thing is to be obſerved in regard to thoſe 
ariſing from the rains and the melting of the ſnows, 
which when led into a ditch made along the higheſt 
ſide of the canal, may from thence be carried off to the 
other ſide underneath the canal : Theſe waters ſhould 
never be carried into the canal, unleſs it be impraQti- 
cable to do otherwile. 

It requires great precaution, as well as circumſpection, 
in determining the place of aqueducts, ſo as to give them 
ſufficient room when they have but one paſſage, which 
is to be widened at the entrance, and at the outlet in 
4 proper manner: if there be not a ſufficient depth 
to conſtruct one of ſuch a bigneſs, as the quantity 
of water that is to paſs requires, two or more 
paſſages muſt be made at the ſide of each other, to pre- 
vent an inundation, that otherwiſe might enſue ; but it 
muſt be obſerved, to make them in ſuch a manner as 
to be caſily cleared from the ſand and mud depoſited 
there by the water, for want of its having a ſufficient 
velocity, 

Therefore, when the water on both ſides is nearly level 
With thzt in the canal, it muſt be avoided as much as 
poſlible, 
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poſſible, to make the aqueduct in the form of a ſyphog, 
in order to carry the waters under the bottom of the 
canal; but rather to let the water into the canal on the 
higheſt ſide, and out on the other, by means of ſmall 
ſluices with ſhutters. —*7 1 
When the waters are below the bed of the canal, it 
is carried over them by means of an aqueduct, in the 
form of a bridge with ſeveral arches, through which 
the water paſſes; there are many of this kind in the fa- 
mous canal of Languedoc. In this caſe, after having 
determined the interval between the two abutments, 
according to the quantity of water that is to pals 
through the arches in the time of the greateſt flood, 
and agreed on the number of arches, in reſpect to the 
width it is convenient they ſhould have, ſo as not to 
multiply the number of piers without neceſſity, for fear 
of diminiſhing the paſſage of the water; in ſhort, after 
having taken all the neceſſary precautions, in conſt- 
quence of the level of the canal, to determine the 
height of the arches, and their thickneſs at the key-ſtone; 
then the parts between the arches are filled with good ma- 
ſonry to make the upper part level, and a bed bf 
cement 1s laid all over, with the ſame care and man- 
ner as has been explained in the ſection where we haye 
treated of under-ground arches, to prevent the water bf 
the canal from penetrating through any part of the 
arches, which otherwiſe would deſtroy them in a ſhort 
time, were this precaution not uſed. © 
The width of the aqueduct muſt be ſuch, that the 
largeſt veſſel uſed may paſs conveniently z or if tl 
canal is much frequented, it ought to be ſuch, that 
two or more veſſels may paſs a- breaſt; and at the ſides 
paſſages are alſo made for the horſes which draw the 
veſſels. | + 
When the ſurface of the waters is nearly level with 
the bottom of the canal, the aqueduct muſt be lower in 
the middle than at the ends; in ſuch a, caſe, ceſs pools 


muſt be made on each fide, of ſufficient depth 
; breadth, 
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breadth, ſo that the water may run in firſt there, to 
ſettle and depoſite its mud, before it paſſes through 
the aqueduct ; but this ſhould never be done when it is 
. poſſible to do otherwiſe, by placing the aqueduct either 
ſomething higher up the canal, or lower down. 
Beſides thoſe kinds of aqueducts we have mentioned 
already, there are others placed on the tops of hills, 
which ſerve as a reſervoir for water to be from thence 
carried through pipes into gardens to make water- | 
works for pleaſure : and the water is brought -into 
them, by means of pumps and other engines; the 
moſt famous one of this ſort, in Europe, is that at 
Marly; and as it is admired by all travellers that have 
ſeen it, the reader will perhaps be pleaſed with a 
deſcription of it, which we have made upon the ſpot, 
in company with ſome other gentlemen, 
The length of this famous aqueduct is 400 yards, and 
ſupported by 36 arches; its greateſt height is 82 feet, 
und loweſt 75 feet, ſo that the ſlope of the canal is about 
7 feet from the higheſt part to the loweſt ; the width 
of the arches is 8 yards, and the height of the higheſt 
52 feet, the breadth of the piers is equal to the width 
of the arches, that is 8 yards, and their thickneſs 5 
yards below reduced fo 7 feet above, becauſe the build- 
| Ing has à ſlope on Sek fide; the walls which incloſe 
the canal of the water are each a foot and a half thick, 
and an arch goes over it; ſo the canal is about 4 feet 
wide, and about the ſame height in che middle. | 
This aqueduct is 500 French feet above the ſurface 
of the river Seine, and at 1220 yards diſtance from it : 
as this height is too great for a ſingle ſet of pumps to 
force the water up at once, let them be ever ſo ſtrong ; 
It has therefore — divided nearly into three equal 
parts: the firſt ſet of pumps raiſes the water to a height 
of 150 feet, the next ſer, which is 300 yards diſtant 
from the river, raiſes it 175 feet; the third ſet, which 
is 648 yards from the river, raiſes the water up to the 


aqueduct, that is 175 feet more. 
From 
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From this aqueduct, two pipes of 18 inches diameter * 
lend the water into a baſon at Marly, and from thence 
it goes to the ſeveral fountains in the garden ; there is 
likewiſe another pipe of 8 inches diameter that leads the 
water from the aqueduct to Verſailles. | 
There are 233 pumps employed to force the water 
up to the aqueduct, and from the laſt ſer it is carried 
up by 6 pipes, each being 8 inches in diameter: the 
quantity of water raiſed formerly in a day was 779 cus 
bic fathoms, but at preſent, it raiſes ſcarcely above 
half that quantity ; which may be owing to ſome decay 
in the machine, or neglect in its repair. | 
Notwithſtanding the wonderful contrivances of the 
author, (one Ranequin of the country near Liege) in 
the diſpoſition of the ſeveral parts of this machine, yet 
many pretended judges find fault with itz though 
none of them are capable to invent a new one that can 
be compared to this; but it is cuſtomary amongſt the 
preſent virtuoſi, to find fault with the performances 
of their maſters, and think themſelves be. er ſkilled 
than thoſe they can barely imitate. / ; 
But amongſt the critics of this wonderful machine, 
I except Mr. Belidor, who has really ſhewn ſome defedts 
in the bodies of the pumps, and at the ſame time, how | 
they might be amended; and as he has given a full de- 
ſcription of it, together with proper plans and ſections, 
we refer the reader to his works for a full account of 
this machine, which we have only mentioned, as being 
partly connected with the aqueduct, the deſcription of 
which alone we propoſed to give here, | 


